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SPREAD SPECTRUM MODULATION
COMMUNICATION APPARATUS FOR
NARROW BAND INTERFERENCE
ELIMINATION

This 1s a continuation of co-pending application Ser. No.
08/053,915, filed on Apr. 28, 1993.

BACKGROUND OF THE INVENTION

The present invention relates to a spread spectrum modu-
lation communication apparatus and, more particularly, to a
spread spectrum modulation communication apparatus
which can detect or eliminate 1nterference waves and main-
tain stable communication quality.

Generally, wireless communication apparatuses employ-
ing spread spectrum modulation are known for high anti-
interference wave capability. Even 1f there exists a narrow-
band interference wave within a reception band, the
interference wave 1s spread 1n the spread spectrum demodu-
lation process. The voltage of the demodulated interference
wave becomes approximately 1/spread ratio (hereinafter, the
spread ratio 1s represented by “s”).

Accordingly, in comparison with a conventional narrow
band system, the voltage of the anfi-interference wave
capability of the spread spectrum modulation type commu-
nication apparatus can be s times. FIGS. 42A to 42C show
waveforms on reception 1n the spread spectrum modulation
type communication apparatus (hereinafter, simply referred
to as “communication apparatus”). FIG. 42A shows a spec-
trum signal waveform at a receiving terminal of the com-
munication apparatus, FIG. 42B, a spectrum signal wave-
form after spread spectrum demodulation; and FIG. 42C, a
spectrum signal waveform after passing through a narrow
band-pass filter and before data demodulation.

However, if the communication apparatus and the con-
ventional narrow band system share the same frequency,
narrow band interference occurs so often. The interference
wave power may become very large depending on the
setting position of a receiving apparatus and exceed the
anti-interference wave capability of the apparatus. In such
case, 1t 1s 1mpossible to maintain stable communication
quality.

FIGS. 43A to 43C show signal waveforms 1n the above
case. More specifically, FIG. 43A shows a spectrum signal
wavelorm at the recewving terminal of the communication
apparatus; FIG. 43B, a spectrum signal waveform after
spread spectrum demodulation; and FIG. 43C, a spectrum
signal waveform after passing through the narrow band-pass
filter and before data demodulation.

Apparently, a non-negligible interference wave remains in

a signal after spread spectrum demodulation and filtering by
the narrow band-pass filter (FIG. 43C).

If the communication apparatus i1s used for digital data
wireless communication, a communication protocol includ-
ing an error correction procedure and a retransmission
procedure 1s required for maintaining communication qual-
ity. For this reason, the data is transmitted in packet mode
and the protocol is realized by, ¢.g., HDLC (High level Data
Link Control) procedure.

FIGS. 44 and 45 show an example of the retransmission
procedure according to the HDLC procedure. More
specifically, FIG. 44 shows a rejection procedure (Rej) and
FIG. 45 shows a selective rejection procedure (SRej).

In FIG. 44, a data transmitting apparatus (hereinafter,
referred to as “transmitter”) transmits a data packet (I), and
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one portion having a frame number “1” and a packet number
“57 (I,.5) fails to reach the data receiving apparatus
(heremalfter, referred to as “receiver”).

The receiver waits until time set to reception confirmation
timer T2 becomes “over”, then transmits an RR (receive
ready) signal and starts retransmission timer T1. Thereafter,
the receiver waits for a response from the transmitter.

On the other hand, the transmitter transmits the I, < 1n
which a poll bit (P: reception confirmation request bit) is set
to “1” and starts the timer 11, thereafter, waits for confir-
mation till time set to the timer T1 becomes “over”.

However, 1n FIG. 44, the transmitter cannot receive the
RR signal from the receiver due to a communication
condition, the time set to the timer T1 at the transmitting side
becomes “over’. Accordingly, the transmitter clears the
timer T1 and restarts 1t, and at the same time transmits an RR
signal 1n which the poll bit 1s set to “1”. If there 1s no
response from the receiver until the time set to the timer T1
becomes “over” again, the transmitter repeats the above

retransmission up to N, times.

If the communication condition 1s reactivated and com-
munication between the apparati becomes possible, the
receiver compares a transmission status variable (T,: value
indicating a confirmed data packet number from the
transmitter+1) indicated by RR signal and a reception status
variable (Rs: value indicating a data packet number correctly
received by the receiver). If the variables T, and R, are
different, the receiver requests retransmission, 1.€., transmits
a Rej command 1n which the reception status variable R_ 1s
set as a reception sequence number to the transmitter.

The transmitter receives the Rej command and retransmits
the I, < data corresponding to the reception sequence num-
ber 1included 1n the Rej command. As the poll bit of the data
1s “17, the transmitter waits for an RR signal having a
variable R corresponding to the T, from the receiver. Upon
receiving the RR signal, the transmitter restarts to transmit
the next data (I).

Next, the SRej (Selective Rejection) procedure will be
described with reference to FIG. 45. In FIG. 45, only
procedures different from the Rej procedure will be
explained. As shown in FIG. 45, the poll bit (P) is not set to
“17, 1.e., the reception confirmation i1s not made, and the
recelver does not receive data I, _, but correctly receives the
next data I,_,.

The receiver transmits a SRej command in which a
parameter indicating a reception number of the not-recerved
data I, ; to request retransmission. At this time, if the
communication condition 1S fine, the transmitter that
receives the SRej command during transmission (I;_,)
retransmits the data I, ; immediately after the transmaission
of the data I,_,. Thereafter, the transmitter continues trans-
mission 1n the initial transmission order.

In the above-described communication according to the
HDLC procedure, the lack of data can be retransmitted as far
as the degradation of communication condition 1s recovered
in a short period. However, if the degradation of commu-
nication condition continues over seconds, the retransmis-
sion should be repeated up to the maximum number of
retrying times set 1n the protocol as shown 1n FIG. 46. As a
result, the data link might be disconnected.

Such repetition of retransmission up to the maximum
number of times, the disconnection and re-establishment of
the data link lower the throughput. In addition, the trans-
mission of radiowaves 1in non-communicable status has 1ll
cifects on the radiowave propagation condition, which fur-
ther influences the other wireless communication systems,
causing problems 1n common use of radiowave resources.
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In a system having only the Rej retransmaission procedure,
the transmitter sequentially performs data transmission up to
an outstanding number (maximum number of times within
which transmission without reception confirmation 1s
possible). In a system which performs time division bidi-
rectional communication, if a lack of packet occurs when the
number of transmitted packets 1s small, the received data
from the lacked packet data to the data at the outstanding
number are deleted from the receiver. Accordingly, when the
transmitter retransmits the lacked data at a point where the
communication condition 1S reactivated, the transmitter
should retransmit data from the head data, thus lowering the
throughput. Further, the transmission of radiowaves 1n non-
communicable status, for a long period, 1ll effects the
radiowave propagation condition.

In a system having a combination of the SRej and Rej
procedures, the outstanding number can be set to a greater
number and the lowering of throughput can be 1mproved.
However, 1n order to increase the outstanding number, the
storage capacity should be enlarged, and the protocol control
becomes complicated. The enlarged system hardware causes
an 1ncrease 1n manufacturing costs as well as difficulty 1n
downsizing of the apparatus.

In the transmitting apparatus for the spread spectrum
modulation, 1f the band is spread to a fully broad band with
respect to its data transfer speed, the influence of interfer-
ence waves can be 1gnored. In this case, if the spread
spectrum (SS) signal is multiplexed in the same frequency
band, 1t does not seriously influence the spread spectrum
fransmission eificiency.

However, 1f an 1ntense external interference wave such as
a microwave from radar and a microwave oven intrudes into
the receiving apparatus during the multiplexing, 1t lowers
the transmission efficiency, since the number of available
channels and transmission capacity are restricted depending
upon the size of the interference wave.

In one proposed method for improving the degradation of
the transmission efficiency, increasing processing gain in the
spread spectrum modulation communication system 1s used
(hereinafter, referred to as “SS communication system).

However, 1n this method, widening of the spread band-
width causes a band restriction problem and difficulties in
initial synchronization seizure. For this reason, the process-
ing gain cannot be increased without limitation. Another
method for directly eliminating or reducing the interference
wave 1s desired for improving the transmission efficiency in
the SS communication system.

FIG. 47 shows a demodulator 1in the conventional SS

communication system for eliminating/reducing interfer-
€Nnce wave.

In FIG. 47, a reception signal which enters input terminal
a includes communication wave d(t), interference waves
U.(t) and U(t). U (t) is an arbitrary spread spectrum inter-
ference wave; and Ui(t), a noise component and the other SS
interference wave component.

In the method employed in the modulator of FIG. 47,
spread spectrum demodulator (SSDEM) 831 spread-
spectrum-demodulates the SS interference wave. After the
S/N ratio is raised by narrow band-pass filter (narrow BPF)
832, spread spectrum modulator (SSMOD) 833 spread-
spectrum-modulates the demodulated wave and supplies the
reproduced SS interference wave to a negative (-) input
terminal of subtracter 834. On the other hand, delay circuit
830 matches the phase and amplitude of the reception signal
to the reproduced SS interference wave and supplies the
reception signal to a positive (+) input terminal of the
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subtracter 834. Finally, the subtracter 834 subtracts the SS
interference wave from the input signal.

It should be noted that the narrow BPF 832 can be
replaced with a narrow band elimination filter such as
narrow band elimination filter (BEF) 835 in FIG. 48. In this
case, after the SS demodulation by the SSDEM 831, the
narrow BEF 835 eliminates a narrow band SS demodulated
signal, and the SSMOD 833 modulates the signal to repro-
duce a desired signal.

FIG. 49 shows another example of the demodulator. In
FIG. 49, the interference wave included in the reception
signal 1s eliminated by the narrow BEF 835 before SS
demodulation by SSDEM 836.

FIG. 50 1s a block diagram showing a detailed construc-
tion of the SSDEM 836. In FIG. 50, the SSDEM 836
comprises high pass filters (HPF) 837 and 838, multiplier
839 and low pass filter (LPF) 840.

The HPE’s 837 and 838 can be replaced with LPF’s, 1f
their passing characteristics are the same. Cutoff frequency
{_ of the HPF’s 837 and 838 corresponds to a point where the
energy 1s approximately half of the mainrobe of the SS
signal generated in the transmitter (not shown).

Next, the interference wave elimination by the SSDEM

836 will be described with reference to signal waveforms in
FIG. 51.

In FIG. 51, waveform (a) denotes the information signal
D having only the lower component spectrum before data
spread by the transmitter (not shown); and waveform (b), a
SS demodulated wave D__1n which the siderobe of the signal
spread by the modulator using a spread code has been
climinated.

In mid-course of the transmission of the D__ wave by the
transmitter via an antenna (not shown) of the receiver to the
mput terminal a in FIG. 50, mixture of interference wave
casily occurs in the space propagation path. In FIG. 51,
waveform (c) represents the D, . wave in which an intense
interference wave 1s mixed.

In the demodulation by the SSDEM 836, lower frequency
component from the cutoff frequency of the input signal

from an input terminal a ((¢) in FIG. 51) is reduced by the
HPF 837 to obtain a spectrum signal d(D'_+U")

On the other hand, a spread signal P ((¢) in FIG. 51)
spread-modulated using the same spread code as that in the
modulator of the transmitter 1s inputted from 1nput terminal
b. Also, lower frequency component from the cutofl fre-
quency of the signal P i1s reduced to obtain a signal P' as
shown in FIG. 51 (f). The signal P' and the signal d(D', +U")
are provided to the multiplier 839 in which the d(D', +U") is
demodulated, and a signal g(U'_+D") is obtained. The signal
g(U'_+D') passes through the LPF 840, by which the inter-
ference wave and the spread-interference wave are
climinated, then only demodulated information signal D'
((h) in FIG. 51) can be outputted from output terminal c.

However, the above interference wave elimination
method has a problem in that the noise component (noise
component in the narrow BPF after the inverse-spread)
remains 1n the demodulated information signal. Further, the
conventional method 1s effective only if the frequency of
interference wave 1s already-known. However, it 1s not
ciiective against interference wave having an unknown
frequency.

The SS communication apparatus has a variable attenu-
ator for changing the damping rate to maintain a constant
output voltage with respect to voltage variation of a recep-
tion radiowave.
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FIG. 52 1s a block diagram showing an intermediate
frequency amplifier (IF AMP) with an automatic gain con-

troller (AGC) which is generally used in an IF AMP. In FIG.
52, amplifiers (AMP’s) 930, 932 and 933 respectively
amplily an 1mnput signal. A portion surrounded by a broken
line A generates a DC control voltage for controlling the
damping rate of variable attenuator (variable ATT) 931.
First, AMP 934 amplifies diode normal direction voltage
used for envelope detection (to be described later) so that the
voltage can have a fully large amplitude. Envelope detector
935 detects an envelope, then, integrator 936 converts the
envelope into DC voltage, further, DC amplifier (DCAMP)
937 amplifies the DC voltage to obtain feedback loop gain.
Thus, the output level variation with respect to the input
level variation can be suppressed.

The AGC voltage generated 1n the above manner controls
the variable ATT 931 which changes its damping rate to
absorb the variation of the input voltage, thus a constant
output voltage can be maintained. Especially, as SS modu-
lated signals have a broad band, using an attenuator is
cffective. The conventional AGC varies the damping rate
using e¢.g. PIN diode.

FIG. 533 1s a block diagram showing the configuration of
a conventional SS communication apparatus using the AGC
in FIG. 52. This SS communication apparatus, performs
half-duplex communication.

In FIG. 53, antenna 441 1s used for both transmission and
reception. Antenna switch (ANTSW) 462 switches over the
transmission/reception of the antenna 441 by switchover
signal S,,. The ANTSW 462 comprises a semiconductor
switch utilizing PIN diode characteristics such as a high-
frequency relay.

Further, the SS communication apparatus has a band-pass
filter (BPF) 442 for eliminating unnecessary radiowave
included in a reception signal, low-noise RF amplifier (RF
AMP) 443 which amplifies the reception signal, local oscil-
lator (local OSC) 444 for frequency conversion, mixer 445
which multiplies the signal from the local OSC 444 and the
reception signal, BPF 446 for taking an IF frequency out of
the output signal from the mixer 445, variable attenuator
(ATT) 463 which attenuates the output from the BPF 446,
AMP 447 which amplifies the attenuated signal outputted
from the ATT 463, and correlator 448 for detecting a
correlation peak 1n a spread code with respect to the recep-
fion signal.

Further, the SS communication apparatus has a delay
device 449 which delays the correlation output, mixer 4350
which multiplies the relayed output from the delay device
449 and the output from the correlator 448, LPF 451 which
cuts off a high-frequency zone of the mixer 450 output,
envelope detector 453 which detects an envelope 1n the
output from the correlator 448, mtegrator 454 which inte-
orates the detected signal outputted from the envelope
detector 453, clock regenerator 456 which regenerates a
clock from the detected signal, comparator 452 which
judges the level of the LPF 451 output, and comparator 455
which judges the level of the integrator 454 output.

Further, the SS communication apparatus has reference
oscillator (reference OSC) 457 for transmission, PN code
ogenerator 458 which adds a PN code to a transmission
signal, mixer 459 which multiplies the transmission signal
and the reference-oscillated frequency, mixer 460 which
multiplies the frequency signal from the local OSC 444 and
the reception signal, and RF amplifier (RF AMP) 461 which
amplifies the transmission signal and outputs the signal to
the ANTSW 462.
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Upon transmission 1n the SS communication apparatus
having the construction as described above, a controller (not
shown) transmits an ON signal (S,,) for the RF AMP 461
and a switchover signal S, to switchover the ANTSW 462
to the antenna 441 side.

The mixer 459 modulates transmission data with a ran-
dom code ((b) in FIG. 54) outputted from the PN code
generator 458 and a carrier signal ((a) in FIG. 54) from the
reference OSC 457 to obtain a spread signal ((c) in FIG. 54).

The mixer 460 converts the spread signal with the refer-
ence signal from the local OSC 444 mto an RF frequency.
The RF AMP 461 amplifies the RF frequency and supplies
the amplified RF frequency to the antenna 441 via the

ANTSW 462.

Upon reception, the controller transmits a switchover
signal S, to switchover the antenna 441 by the ANTSW 462
to the reception side. The reception signal passes through the
RF PBF 442, where unnecessary waves are eliminated and
only a desired signal 1s outputted.

The RF AMP 443 amplifies this signal and inputs the
amplified signal into the mixer 445, which converts the
signal from the RF AMP 443 with a predetermined {fre-
quency signal from the local OSC 444 into an IF frequency
(heremafter, referred to as “IF signal®).

Next, only the IF frequency component 1s taken out of the
IF signal in the BPF 446, and the AT'T 463 attenuates the IF
frequency component signal 1n accordance with AGC volt-
age to supply a constant voltage IF signal to the correlator
448. In the correlation output from the correlator 448 ((a) in
FIG. §5), the correlation output peak interval is proportional
to transmission data speed (1,). This correlation output is
supplied to the envelope detector 453 and the delay device
449. The delay device 449 delays the correlation output by
one bit of the transmission data ((b) in FIG. 55), and the
mixer 450 multiplies the correlation output before delay and
the delayed correlation output to obtain demodulation output
((¢) in FIG. §5).

The demodulation output passes through the LPF 451, 1n
which high-frequency component 1s eliminated. The com-
parator 452 judges the level of the demodulation output, and
finally, reception data ((d) in FIG. 55) can be obtained. Note
that as 1t 1s understood from the above description, the
demodulator of this SS communication apparatus 1s a dif-
ferential demodulator.

On the other hand, the envelope detector 453 detects an
envelope out of the supplied correlation output and the
envelope detection output ((a) in FIG. 56) is obtained. This
detection output 1s 1nputted 1nto the clock regenerator 456 in

which clock component 1s extracted, and finally, reception
clock ((c) in FIG. 56) is obtained.

Further, the envelope detection output 1s also supplied to
the mtegrator 454 which converts the detection output into
DC voltage corresponding to the peak level ((¢) in FIG. 56).
The DC voltage 1s used as the AGC voltage for controlling
the damping rate of the AT'T 463. The output of the inte-
orator 454 1s supplied to the comparator 455, which deter-
mines whether or not there 1s a desired voltage level, 1.e.,
whether or not there 1s a reception signal, and outputs the
integrator output as a carrier sense signal to the controller.

However, 1n the above SS communication apparatus, 1f
the interference wave mixes 1n a reception signal, the etfect
of the interference wave appears 1n the correlation output
(e.g., (a) in FIG. §7), degrading the correlation output S/N
ratio.

Further, a signal other than the correlation output, e.g., the
input voltage of the correlator, may directly appear as the
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correlation output. If AGC voltage 1s generated using such
correlation output 1n the conventional manner, the envelope
detection output may include its noise component ((b) in
FIG. 57). Accordingly, the AGC voltage whose level corre-
sponds to the correlation output noise ((¢) in FIG. §7) may
be generated, which becomes an 1mpediment of exact auto-
matic gain control.

For bidirectional communication by this SS communica-
fion apparatus, a full duplex system for simultancous
transmission/reception and a half duplex system for alter-
native transmission/reception can be considered. The former
system comprises a transmission band and a reception band
respectively. The latter system switches over the
fransmission/reception using a filter, a relay and a semicon-
ductor switch.

As the full duplex system needs both transmission and
reception frequency bands, this system 1s not advantageous
in comparison with the latter system in consideration of
ellective use of frequency. However, 1t has many advantages
in 1ts configuration; e.g., 1t does not need transmission/
reception switching control, and the system throughput can
be raised. However, 1f this system 1s applied to a commu-
nication apparatus which can raise the system capability by
using a wide band, such as a spread spectrum modulation
communication apparatus, the apparatus should use an
extremely wide frequency band 1n order to have dedicated
fransmission and reception bands. Thus 1t cannot attain the
ciiective frequency use.

Accordingly, the system as shown 1 FIG. 53 performs the
half-duplex communication, and it has the ANTSW 462 for
switching over transmission/reception with the switchover
signal S;.

FIG. 58 1s a block diagram showing the half-duplex

communication highligchting the switching over of the
ANTSW 462.

Half-duplex communication using a common antenna
depends on separation of transmission from reception by the
ANTSW 463. In order to prevent receiver 1000 from
directly receiving a transmission signal, a high-frequency
relay having excellent 1solation 1s employed.

FIG. §9 1s a block diagram showing the configuration of
a SS communication apparatus using a high-frequency relay
as an ANTSW. The construction shown 1n FIG. §9 corre-
sponds to that in FIG. 53 except high-frequency relay 480
and AGC control by amplifier 447 1n place of the damping,
rate control by the ATT 463. Therefore, the correspondent
clements have the same reference numerals and the expla-
nations of these elements will be omitted.

In FIG. 589, the high-frequency relay 480 can provide a 40
dB to 50 dB transmission/reception 1solation with respect to
a 2 GH. to 4 GH. frequency.

FIG. 60 1s a block diagram showing the configuration of
a SS communication apparatus using semiconductor switch
481 instead of the high-frequency relay 480. Similarly to
FIG. 59, the elements corresponding to those in FIG. 53
have the same reference numerals and the explanations of
these elements will be omitted.

In the apparatus of FIG. 60, a transmission/reception
1solation can be about 30 dB with respect to about 2 GH,
frequency. Power supply to the RF AMP 443 and the IF
AMP 447 1n the receiver 1s halted by switchover signal S, ;
to ensure transmission 1solation.

In the apparatus of FIG. 59, because the high-frequency
relay 480 1s very expensive and the device size i1s large,
downsizing of the system and cost reducing are difficult.
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Further, response period to the switchover signal S, 1s long,
1.€., the interval from the applying of the switchover signal
S,, to normal relay operation 1s several seconds, thus
lowering the system throughput.

When intense external interference wave arrives within
the band, the interference wave intrudes in the receiver
during transmission. The receiver amplifies the received
signal including the interference wave, and the noise exists
in the correlation output. As a result, erronecous operations
such as generating a carrier sense signal may occur.

FIG. 61 shows signal waveforms respectively represent-
ing correlation output, demodulation output, detection
output, AGC voltage and a carrier sense signal 1n case where
interference wave has mtruded in the receiver.

In the apparatus of FIG. 60, a conceivable problem occurs
after the power supply to the RF AMP 443 and the IF AMP
447 1s turned off and on again. When this occurs, operations
of these AMP’s become unstable, and 1t takes a long period
to resume stable amplification operation. Thus, the through-
put of the apparatus 1s extremely lowered.

Further, although the SS modulation communication 1s
cgenerally considered “tolerant of interference waves”, 1f a
radiowave transmitted 1in an intense output exceeding the
anti-interference wave capability exists within the band, the
apparatus 1s 1ll effected, causing degradation of communi-
cation quality and communication line disconnection.

Such mterference waves cannot be predicted. Therefore,
users cannot judge whether the cause of degradation of
communication quality 1s the interference wave or not.

In present situations where using radiowaves in the same
frequency band for different purposes has been considered,
the above-described influences of the interference waves
orven to the SS communication apparatuses will be more
SErious.

SUMMARY OF THE INVENTION

The present invention has been made 1n consideration of
the above situation, and has as its object to provide a
wireless communication apparatus which can prevent an
interference wave which occurs due to sharing the same
frequency.

According to the present invention, the foregoing object
1s attained by providing a wireless communication apparatus
in which spread spectrum modulation 1s employed, com-
prising: receiving means for receiving a spread spectrum
signal to a predetermined frequency; detection means for
detecting narrow band interference wave which occurs in the
predetermined frequency band; judgment means for, if
reception voltage of the narrow band interference wave
exceeds a predetermined value, judging that an intense
interference wave has mixed with the signal; and signal
climination means for, if the judgment means judges that an
intense interference wave has mixed with the signal, elimi-
nating a signal of the frequency band which corresponds to
the narrow band interference wave.

In accordance with the present invention as described
above, mixing of intense interference wave can be judged
based on reception voltage of the interference wave, and a
signal of a frequency band which corresponds to the inter-
ference wave can be eliminated.

It 1s another object of the present invention to provide a
wireless communication apparatus which can control com-
munication 1n accordance with radiowave propagation con-
dition.

According to the present invention, the foregoing object
1s attained by providing a wireless communication
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apparatus, 1n which spread spectrum modulation 1s
employed, for synchronously communicating with other
station, comprising: a recepfion antenna; a transmission
antenna; direct wave elimination means for, upon data
fransmission, eliminating direct wave component of a trans-
mission signal transmitted by the transmission antenna from
a reception wave received by the reception antenna; detec-
fion means for detecting radiowave intensity of the trans-
mission signal transmitted from the transmission antenna
within a transmission frequency band by using the reception
wave 1n which the transmission signal direct wave compo-
nent has been eliminated; first judgment means for judging
possibility of damage of the transmission data and status of
radiowave collision between the transmission wave and a
radiowave from another communication apparatus based on
the radiowave intensity detected by the detection means;
second judgment means for, upon reception, judging recep-
fion status based on synchronization seizure condition and
reception data quality; and communication control means
for halting and restarting communication based on judgment
results by the first judgment means and the second judgment
means.

It 1s still another object of the present invention to provide
a wireless communication apparatus which can control
communication 1n accordance with interference wave
occurence period.

According to the present mnvention, the foregoing object
1s attained by providing a wireless communication apparatus
in which spread spectrum modulation 1s employed, com-
prising: 1nterference wave detection means for detecting
interference wave occurrence status; period inference means
for inferring interference wave occurrence period based on
the interference wave occurrence status detected by the
interference wave detection means; correction means for
correcting, based on the interference wave occurrence
period 1nferred by the period inference means and interfer-
ence wave occurrence status, the interference wave occur-
rence period; and communication means for, if interference
wave 15 detected 1n accordance with the occurrence period
inferred by the period inference means, halting and restart-
ing communication corresponding to the occurrence period.

In accordance with the present invention as described
above, communication 1s halted and restarted 1n accordance
with radiowave propagation condition and interference
wave occurrence period.

It 1s still another object of the present invention to provide
a wireless communication apparatus which can judge radio-
wave propagation condition.

According to the present mnvention, the foregoing object
1s attained by providing a wireless communication apparatus
in which spread spectrum modulation 1s employed, com-
prising: a transmission antenna; a reception antenna; direct
wave cutolfl means for cutting off a direct wave of a
transmission spread signal transmitted by the transmission
antenna from a reception wave received by the reception
antenna; correlation means for obtaining correlation
between the reception signal in which the direct wave has
been eliminated and the transmission spread signal; detec-
fion means for detecting interference wave component based
on correlation output from the correlation means; and judg-
ment means for judging radiowave propagation condition
upon transmission based on a detection signal detected by
the detection means.

In accordance with the present invention as described
above, radiowave propagation condition upon transmission
can be judged 1n accordance with correlation between a
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transmission spread signal and a reception signal in which
direct wave of the transmission signal has been excluded.

It 15 still another object of the present invention to provide
a wireless communication apparatus which, 1in packet form
data transmission/reception, can change the number of pack-
cts to be transmitted continuously 1n accordance with data
propagation condition.

According to the present invention, the foregoing object
1s attained by providing a wireless communication apparatus
capable of transmitting and receiving data 1n a packet form
comprising: transmission means for transmitting data 1 a
packet form to a receiwving station; monitor means for
monitoring data transmission status; reception means for
receiving confirmation from the receiving station notifying
that the data has been received; and transmission control
means for controlling the transmission means to transmit
packets sequentially without receiving the confirmation
from the receiving station i1n accordance with the data
fransmission status, wherein a number of packets which can
be transmitted sequentially 1s increased or decreased based
on the data transmission status.

In accordance with the present invention as described
above, the number of packets to be transmitted continuously
without confirmation from the receiver can be changed
based on the data propagation condition.

It 1s still another object of the present invention to provide
a wireless communication apparatus which can eliminate
arbitrary interference wave included 1n a reception signal.

According to the present invention, the foregoing object
1s attained by providing a wireless communication
apparatus, 1n which spread spectrum modulation 1s
employed, capable of eliminating interference wave from a
received wave, comprising: elimination means for eliminat-
ing component out of a spread spectrum modulation fre-
quency band from a reception signal; a voltage control
oscillator 1n which oscillation output frequency varies based
on 1nput voltage; a voltage sweeper for supplying voltage to
the voltage control oscillator; multiplication means for mul-
tiplying an output signal from the voltage control oscillator
by the reception signal in which the component out of the
spread spectrum modulation frequency band has been elimi-
nated by the elimination means; cutoil means for cutting off
high-frequency component from an output signal from the
multiplication means and outputting a low-frequency com-
ponent signal; integration means for integrating the low-
frequency component signal outputted by the cutoil means;
comparison means for comparing voltage of an output signal
from the integration means with a predetermined value;
control means for controlling the voltage sweeper based on
output from the comparison means to control output fre-
quency of the voltage control oscillator; inversion means for
inverting a phase of the output signal from the voltage
control oscillator; and addition means for adding an output
signal from the 1nversion means to the reception signal 1n
which the component out of the spread spectrum modulation
frequency band has been eliminated by the elimination
means.

According to the present invention, the foregoing object
1s attained by providing a wireless communication
apparatus, 1n which spread spectrum modulation 1s
employed, capable of eliminating interference wave from a
received wave, comprising: elimination means for eliminat-
ing component out of a spread spectrum modulation fre-
quency band from a reception signal; a voltage control
oscillator 1n which oscillation output frequency varies based
on 1nput voltage; a voltage sweeper for supplying voltage to
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the voltage control oscillator; multiplication means for mul-
tiplying an output signal from the voltage control oscillator
by the reception signal 1n which the component out of the
spread spectrum modulation frequency band has been elimi-

[

nated by the elimination means;cutofl means for cutting off
high-frequency component from an output signal from the
multiplication means and outputting low-frequency compo-
nent signal; mmtegration means for integrating the low-
frequency component signal from the cutoff means; com-
parison means for comparing an output signal from the
integration means with a predetermined value; control
means for controlling the voltage sweeper based on output
from the comparison means to control output frequency of
the voltage control oscillator; and subtraction means for
subtracting the output signal from the voltage control oscil-
lator from the reception signal in which the component out
of the spread spectrum modulation frequency band has been
climinated by the elimination means.

According to the present invention, the foregoing object
1s attained by providing a wireless communication
apparatus, 1n which spread spectrum modulation 1s
employed, capable of eliminating interference wave from
received wave, comprising: elimination means for eliminat-
ing component out of a spread spectrum modulation fre-
quency band from a reception signal; a voltage control
oscillator 1n which oscillation output frequency varies based
on 1mput voltage; a voltage sweeper for supplying voltage to
the voltage control oscillator; multiplication means for mul-
tiplying an output signal from the voltage control oscillator
by the reception signal 1n which the component out of the
spread spectrum modulation frequency band has been elimi-
nated by the elimination means; cutoff means for cutting off
high-frequency component from an output signal from the
multiplication means and outputting low-frequency compo-
nent signal; integration means for integrating the low-
frequency component signal outputted by the cutoff means;
comparison means for comparing voltage of an output signal
from the integration means with a predetermined value;
control means for controlling the voltage sweeper based on
output from the comparison means to control output fre-
quency of the voltage control oscillator; frequency elimina-
fion means for eliminating a signal of a frequency band
which corresponds to output voltage from the voltage
sweeper; and apply control means for controlling application
of the output of the voltage sweeper to the frequency
climination means based on the output from the comparison

MCAais.

In accordance with the present invention as described
above, an interference wave frequency 1s detected and an
inverse phased signal of the frequency 1s generated to
climinate the interference wave or to eliminate only 1nter-
ference component of the frequency.

It 1s another object of the present invention to provide a
wireless communication apparatus which can eliminate
interference wave effectively, and which comprises an auto-
matic gain controller for fine communication.

According to the present invention, the foregoing object
1s attained by providing a wireless communication
apparatus, 1n which spread spectrum modulation 1s
employed, having an automatic gain controller, comprising:
reception means for receiving a spread-spectrum-modulated
signal; demodulation means for demodulating the signal,
wherein the demodulation means includes: correlation
means for obtaining correlation between the spread/
demodulated signal and a spread code which 1s the same as
that employed upon generation of the spread signal by a
modulator of transmitting apparatus; peak hold means for
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detecting a peak of a correlation signal obtained from the
correlation means and holding the detected peak; and control
means for controlling the correlation means based on peak
output obtained from the peak hold means.

In accordance with the present invention as described
above, the correlation means 1s controlled based on the peak
output of the correlation signal from the correlation means
in the demodulation means, thus, automatic gain control
without influence by correlation output noise.

It 1s another object of the present mvention to provide a
half duplex wireless communication apparatus which can
prevent a receiver from receiving a transmission wave of the
apparatus.

According to the present invention, the foregoing object
1s attained by providing a half duplex wireless communica-
fion apparatus, 1n which spread spectrum modulation 1is
employed, having a shared transmission/reception antenna,
comprising: antenna switchover means for switching over
the antenna for transmission/reception; transmission means
for transmitting a transmission signal; reception means for
receiving a reception signal, wherein the reception means
includes: first filter means for passing a predetermined
frequency band signal of the reception signal; second filter
means for passing a signal of a frequency band different
from the predetermined frequency band of the reception
signal; and filter switchover means for, synchronizing with
switching over of the antenna switchover means, selecting
the first filter means upon reception, and selecting the second
filter means upon transmission.

According to the present invention, the foregoing object
1s attained by providing a half duplex wireless communica-
fion apparatus, 1n which spread spectrum modulation is
employed, having a shared transmission/reception antenna,
comprising: antenna switchover means for switching over
the antenna for transmission/reception; transmission means
for transmitting a transmission signal; reception means for
receiving a reception signal, wherein the reception means
includes: filter means for passing a predetermined frequency
band signal of the reception signal; filter switchover means
for, synchromizing with switching over of the antenna
switchover means, switching over the filter means and a
cround so that output from the reception means can be
inputted into the filter means upon reception, and the output
from the reception means can be grounded upon transmis-
s101.

According to the present invention, the foregoing object
1s attained by providing ahalf duplex wireless communica-
fion apparatus, 1n which spread spectrum modulation 1is
employed, having a shared transmission/reception antenna,
comprising: antenna switchover means for switching over
the antenna for transmission/reception; transmission means
for transmitting a transmission signal; reception means for
receiving a reception signal, wherein the reception means
includes: filter means for passing a predetermined frequency
band signal of the reception signal; and attenuation means,
in which, synchronizing with switching over of the antenna
switchover means, attenuation of an input signal into the
filter means becomes active upon reception, and the attenu-
ation becomes 1nactive upon transmission.

In accordance with the present invention as described
above, synchronizing with switchover of transmission/
reception antenna, switchover of filter means can be per-
formed such that, upon reception, the filter means which
passes only a signal of a predetermined frequency band
corresponding to the reception frequency band can be
selected, while upon transmission, another filter means or a



5,974,101

13

oround which output from the reception means cannot enter
can be selected. Further, synchronizing with the switchover
of the transmission/reception antenna, the operation of the
attenuator means which mputs a signal into the filter means
1s switched over.

It 1s still another object of the present invention to provide
a wireless communication apparatus which can detect inter-
ference wave and notily a user of the detection of interfer-
€nce wave.

According to the present mnvention, the foregoing object
1s attained by providing a wireless communication apparatus
in which spread spectrum modulation 1s employed, com-
prising: first conversion means for A/D converting a recep-
tion wave; second conversion means for Fourier transform-
ing a digital signal obtained from the first conversion means;
detection means for comparing spectrum data obtained from
the second conversion means with a predetermined spectrum
and detecting interference wave component included 1n the
spectrum data; judgment means for judging whether or not
the mterference wave component has exceeded a range for
maintaining communication quality based on detection
result by the detection means; and notification means for
notifying communication status based on judgment result by

the 1

judgment means.

In accordance with the present invention as described
above, imterference wave 1s detected from spectrum data
obtained by A/D converting and Fourier transforming a
reception wave signal, and whether or not the communica-
fion quality can be maintained 1s determined. The commu-
nication status 1s notified in accordance with the determi-
nation result.

It 1s still another object of the present invention to provide
a wireless communication apparatus which can detect inter-
ference wave and control communication.

According to the present mnvention, the foregoing object
1s attained by providing a wireless communication apparatus
in which spread spectrum modulation 1s employed, com-
prising: first conversion means for A/D converting a recep-
tion wave; second conversion means for Fourier transform-
ing a digital signal obtained from the first conversion means;
detection means for comparing spectrum data obtained from
the second conversion means with a predetermined spectrum
and detecting interference wave component included 1n the
spectrum data; judgment means for judging whether or not
the mterference wave component has exceeded a range for
maintaining communication quality; and communication
control means for temporarily halting communication based
on judgment result by the judgment means.

In accordance with the present invention as described
above, interference wave 1s detected from spectrum data
obtained by A/D converting and Fourier transforming a
reception signal and whether or not the communication
quality can be maintained 1s determined. Based on the
determination result, communication 1s temporarily halted.

It 1s still another object of the present invention to provide
a wireless communication apparatus which can detect inter-
ference wave 1n every divided frequency band.

According to the present invention, the foregoing object
1s attained by providing a wireless communication apparatus
in which spread spectrum modulation 1s employed, com-
prising: division means for dividing a reception wave 1nto a
predetermined number of frequency band signals; a plurality
of filter means for filtering the frequency band signals
divided by the division means respectively; a plurality of
first conversion means for A/D converting the frequency
band signals divided by the division means respectively; a
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plurality of second conversion means for Fourier transform-
ing digital signals obtained from the plurality of first con-
version means respectively; a plurality of memory means for
storing spectrum data obtained from the plurality of second
conversion means when communication has been correctly
performed as reference data, or storing spectrum data
obtained from the plurality of second conversion means
when communication has not been correctly performed as
reference data; a plurality of comparison means for com-
paring spectrum data obtained from the plurality of second
conversion means with the reference data stored by the
plurality of memory means; and a plurality of judgment
means for judging whether or not the reception wave
includes interference wave based on comparison results by
the plurality of comparison means.

In accordance with the present invention as described
above, whether or not the reception signal mcludes inter-
ference wave 1s determined by comparing spectrum data
obtained by A/D conversion and Fourier transformation with
spectrum data obtained when communication 1s normally
performed.

The mvention 1s particularly advantageous since interfer-
ence wave can be eliminated and stable communication

quality can be ensured.

Further, as communication control based on radiowave
propagation condition 1s performed by monitoring data
fransmission status and reception status, wasteful retrans-
mission and data link disconnection can be avoided. Thus,
the throughput of the data communication can be improved.

Further, the number of packets which can be transmitted
without reception confirmation can be changed 1n accor-
dance with radiowave propagation condition, unnecessary
packets can be deleted, improving the overall data commu-
nication throughput.

Further, as the frequency of interference wave mcluded 1n
a reception signal 1s detected and the interference wave can
be eliminated, communication transfer efficiency can be
improved.

Further, stable automatic gain control without influence
by noise included 1n the correlation output can be performed
by controlling the correlation means in accordance with the
correlation signal peak output obtained from the correlation
means 1n the demodulation means. Accordingly, fine com-
munication can be ensured.

Further, an appropriate switchover of filter means and
appropriate signal input can be performed without using an
expensive high-frequency relay, synchronizing with
switchover of the ftransmission/reception antenna.
Accordingly, the price of the wireless communication appa-
ratus 1n the present ivention can be reduced and the
throughput can be maintained.

Further, interference wave included 1n a reception signal
1s detected, and 1f the interference wave influence exceeds
the limitation of an allowable range, a user can be notified
of 1t, or fine communication quality can be ensured by
halting the communication temporarily. Moreover, the
allowable range can be changed i1n accordance with a
distance from the communication apparatus at the other end
to detect the interference wave inifluence precisely.

Further, more effective interference wave detection can be
performed by dividing a reception wave 1nto a plurality of
frequency bands and comparing spectrum data obtained 1n
normal communication and spectrum data obtained from the
reception wave to detect the existence of the interference
wave.

Other features and advantages of the present invention
will be apparent from the following description taken in
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conjunction with the accompanying drawings, 1n which like
reference characters designate the same or similar parts
throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-

ments of the invention and, together with the description,
serve to explain the principles of the mvention.

FIG. 1 1s a block diagram showing the configuration of
receiver 100 of a communication apparatus according to a
first embodiment of the present mnvention;

FIG. 2A 1llustrates spectrum signal waveform 1n a case
where an intense interference wave 1s eliminated from a
reception signal;

FIG. 2B 1illustrates spectrum signal waveform 1n case
where the spectrum signal 1n FIG. 2A 1s demodulated;

FIG. 3 1s a block diagram showing the configuration of the
receiver 100 in which delay circuit 104, switch 108 and
adder 109 are replaced with band elimination filter (BEF)
111 and switch 112;

FIG. 4 1s a schematic block diagram showing communi-
cation apparatuses 200 and 201 according to a second
embodiment of the present invention;

FIG. 5 1s a block diagram showing the configuration of
fransmission/reception circuits in the second embodiment;

FIG. 6 illustrates radiowave propagation in the second
embodiment;

FIG. 7A shows signal waveforms detected by transmis-
sion status detector 203 during transmission by the commu-
nication apparatus 200;

FIG. 7B shows radiowave status within a transmission
frequency band during transmission by the communication
apparatus 200;

FIG. 8A shows signal waveforms detected by the trans-
mission status detector 203 during transmission by the
communication apparatus 200;

FIG. 8B shows radiowave status within the transmission
frequency band during transmission by the communication
apparatus 200;

FIG. 9 shows signal waveforms detected by the transmis-
sion status detector 203 during transmission by the commu-
nication apparatus 200;

FIG. 10A shows signal waveforms detected by the trans-
mission status detector 203 during transmission by the
communication apparatus 200;

FIG. 10B shows radiowave status within the transmission
frequency band during transmission by the communication
apparatus 200;

FIG. 11 1illustrates data communication control;

FIG. 12 1llustrates data communication control when
interference wave transmission status 1s detected upon acti-
vating the communication apparatus 200;

FIG. 13 1s a block diagram showing the configuration of
a communication apparatus which monitors transmission
status,

FIG. 14 1s a block diagram showing the configuration of
a communication apparatus which monitors transmission

status using matched filter 2037 1n place of SAW convolver
203k used 1n the apparatus of FIG. 13;

FIG. 15 1illustrates data communication control upon
controlling an outstanding number;

FIG. 16 1s a flowchart showing the outstanding number
control;
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FIG. 17 1s a block diagram showing the configuration of
a receiver of a communication apparatus for spread spec-
trum modulation according to a third embodiment of the
present 1nvention;

FIG. 18 1illustrates frequency characteristic of low pass
filter (LPF) 304 in the third embodiment;

FIG. 19 illustrates frequency characteristic of integrator
308 1n the third embodiment;

FIG. 20 1llustrates output spectrum characteristic of the
LPF 304;

FIG. 21 1s a block diagram showing as another example
the configuration of the receiver of FIG. 17 in which 180°
phase shifter 310 and attenuator (ATT) 311 are omitted and
adder 302 1s replaced with a BEF 321 and switch 322 for
opening/closing a path between the BEF 321 and voltage
sweeper 306;

FIG. 22 1s a block diagram showing the configuration of
a communication apparatus according to a fourth embodi-
ment of the present mnvention;

FIG. 23 shows the construction of peak hold circuit 464
in the fourth embodiment;

FIG. 24 shows status of AGC voltage which corresponds
to correlation output;

FIG. 25 15 a block diagram showing the configuration of
a half duplex communication apparatus according to a fifth
embodiment of the present invention;

FIG. 26 1s a block diagram showing as another example
the confliguration of the communication apparatus of FI1G. 25
in which an 1nput signal 1s grounded by switch 594;

FIG. 27 1s a block diagram showing as another example
the configuration of the communication apparatus of FI1G. 25
in which variable attenuator 595 attenuates an input signal
upon transmission;

FIG. 28 15 a block diagram showing the configuration of
a transceiver of a communication apparatus according to a
sixth embodiment of the present invention;

FIG. 29 shows reception data after A/D conversion and
Fourier transformation in a case where no narrow band
Interference wave exists;

FIG. 30 shows reception data 1n a case where narrow band
interference wave exists;

FIG. 31 shows reception data in a case where a plurality
of narrow band interference waves exist;

FIG. 32 illustrates a network environment 1n which an
apparatus according to a seventh embodiment of the present
invention 1s employed;

FIG. 33 1s a flowchart showing ranging processing by the
apparatus according to the seventh embodiment;

FIG. 34 shows spectrum waveform in a case where no
narrow band interference wave exists 1n either of the trans-

mission band and reception band;

FIG. 35 shows spectrum waveform 1n a case where a
narrow band interference wave exists 1 the transmission

band;

FIG. 36 shows spectrum waveform 1n a case where a
narrow band interference wave exists 1n the reception band;

FIG. 37 1s a block diagram showing the configuration of
interference wave detector of a communication apparatus
according to a eighth embodiment of the present invention;

FIG. 38 shows spectrum distribution as an example of a
judgment data for judging existence of narrow band inter-
ference wave;

FIG. 39 shows spectrum distribution 1n case where a
narrow band interference wave exists 1 band zone 3 of a

reception data;
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FIG. 40 shows spectrum distribution 1n case where the
reception data 1 the band zone 3 1s attenuated by notch filter

725;

FIG. 41 shows reception signal waveform 1n a case where
a wide band interference wave exists;

FIGS. 42 A to 42C show reception signal waveforms upon
reception by a conventional spread spectrum modulation
communication apparatus;

FIGS. 43A to 43C show signal wavelform mixed with an
intense 1nterference wave the intensity of which exceeds
anti-interference wave capability of the apparatus;

FIG. 44 illustrates rejection procedure (Rej) in retrans-
mission according to HDLC procedure;

FIG. 485 illustrates selective rejection procedure (SRej) in
retransmission according to the HDLC procedure;

FIG. 46 1llustrates data link disconnection in retransmis-
sion according to the HDLC procedure where the number of
retransmission exceeds a retry maximum number;

FIG. 47 1s a block diagram showing the configuration of
a demodulator 1n a conventional spread spectrum modula-
flon communication system;

FIG. 48 1s a diagram for explaining elimination of a
narrow band spread spectrum demodulated signal using
narrow band elimination filter after spread spectrum
demodulation and spread spectrum modulation thereatter;

FIG. 49 15 a diagram for explaining elimination of inter-
ference wave 1ncluded in a reception signal using the narrow
BEF before input into a spread spectrum demodulator and
spread spectrum demodulation thereafter;

FIG. 50 1s a block diagram showing the configuration of
the spread spectrum modulator of FIG. 49;

FIG. 51 illustrates a change 1n a signal waveform by
interference wave elimination by the spread spectrum
demodulator;

FIG. 52 1s a block diagram showing an intermediate
frequency amplifier (IF AMP) with an automatic gain con-
troller 1n a conventional spread spectrum modulation com-
munication apparatus;

FIG. 53 1s a block diagram showing the configuration of
the conventional SS communication apparatus using the

AGC of FIG. 52;

FIG. 54 shows a carrier signal, a PN code and a spread
signal treated by the SS communication apparatus;

FIG. 55 shows a correlation output signal, a transmission
data signal, a demodulation output signal and a reception
data signal treated by the SS communication apparatus;

FIG. 56 shows an envelope detection output signal, a
reception clock signal and an AGC voltage signal treated by
the SS communication apparatus;

FIG. 57 shows a correlation output signal, an envelope
detection output signal and an AGC voltage signal treated by
the SS communication apparatus 1n case where interference
wave mixes 1n a reception signal treated by the SS commu-
nication apparatus;

FIG. 58 1s a block diagram highlighting a switchover by
antenna switch (ANTSW) 62 in accordance with a
transmission/reception switchover 1n half duplex communi-
cation;

FIG. 59 1s a block diagram showing the configuration of
a SS communication apparatus using a high-frequency relay

as an ANTSW;

FIG. 60 1s a block diagram showing the configuration of
a SS communication apparatus using a semiconductor
switch as an ANTSW; and
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FIG. 61 shows a correlation output signal, a demodulation
output signal, a detection output signal, an AGC voltage
signal and a carrier sense signal 1n a case where an inter-
ference wave 1ntrudes 1n a receiver of the apparatus upon
fransmission.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described 1n detail 1n accordance with the accompanying
drawings.

In the embodiments, a spread spectrum modulation com-
munication apparatus (hereinafter, referred to as “commu-
nication apparatus”) according to the present invention
transmits/receives data signals using spread spectrum modu-
lation. If various kinds of interference waves mix with the

transmission/reception signal, the communication apparatus
separates the interference waves from the signal, detects the

interference waves, and eliminates the detected interference
waves.
| First Embodiment (FIGS. 1-3)]

FIG. 1 1s a block diagram showing the configuration of
receiver 100 of a communication apparatus according to a
first embodiment of the present invention.

In this embodiment, the frequency band used by this
communication apparatus overlaps with that used by another
narrow band communication system, and a transmission/
reception radiowave of the other narrow band communica-
tion system mixes with the reception signal of the commu-
nication apparatus as interference wave.

The receiver 100 has reception antenna 101, bandpass
filter (BPF) 102 for eliminating an unnecessary band signal
in a reception wave, RF amplifier (RFAMP) 103 for ampli-
fying the BPF 102 output, delay circuit 104 for delaying the
REAMP 103 output by a predetermined amount, BPF 1035,
having the same delaying characteristic as that of the delay
circuit 104, for passing only a predetermined band signal,
adder 109 for subtracting the BPF 1035 output from the delay
circuit 104 output, detector 106 for detecting the BPF 105
output, judgment circuit 107 for comparing the detector 106
output with a predetermined voltage, switch 108 for
opening/closing a path between the BPF 105 and the adder
109, and demodulator 110 for demodulating the adder 109
output.

In the above construction, when a signal 1s 1nputted 1nto
the reception antenna 101, the BPF 102 outputs only a
predetermined band component signal to the RF AMP 103.
The RF AMP 103 amplifies the input signal to a predeter-
mined level.

The RFAMP 103 inputs the amplified signal to the BPF
105, which passes only a signal of a frequency band over-
lapped with that of another narrow band communication
system (interference wave). The detector 106 detects the
BPF 105 output and inputs the detected signal into the
judgment circuit 107. The detection output at this time 1s a
voltage signal approximately proportional to the interfer-
ence wave voltage.

The judgment circuit 107 compares the mput detection
signal with a predetermined voltage level. If the detection
output 1s not less than or equal to the predetermined voltage
level, the switch 108 selects the ground side, while it selects
the BPF 105 side if the detection output 1s equal to or more

than the voltage level, and the switch 108 output is inputted
into the adder 109.

On the other hand, the REAMP 103 output 1s inputted mnto

the delay circuit 104, which delays the input signal by the
same delay amount as that of the BPF 105, and outputs the

delayed signal to the adder 109.
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The adder 109 1nputs the delay circuit 104 output into the
demodulator 110, which performs normal spread spectrum
demodulation such as spread spectrum demodulation and
data demodulation.

As described above, 1f the interference wave 1s not
intense, the switch 108 selects the ground side, and the adder
109 output becomes the delay circuit 104 output. As the
spectrum signal waveform at this time 1s as shown 1n FIG.
42A and the spectrum signal waveform after the spread
spectrum demodulation and before data modulation 1s as
shown 1n FI1G. 42C, the ratio of the spread spectrum wave to
interference wave 1s large. In this case, stable demodulation
1s possible.

In contrast, if the interference wave 1s 1ntense, the switch
108 selects the BPF 105 side. As the delay circuit 104 and

the BPF 105 have the same delaying characteristic, the adder
109 subtracts the BPF 105 output from the delay circuit 104
output to generate a signal in which only the interference
wave band signal 1s eliminated.

The spectrum signal wavetform 1n this case 1s as shown in
FIG. 2A, and the spectrum signal waveform after spread
spectrum demodulation and before data demodulation 1s as
shown 1n FIG. 2B. Accordingly, the interference wave can
be eliminated and stable demodulation 1s possible.

As described above, 1n this embodiment, a radiowave of
interference wave band can be eliminated in accordance
with the interference wave amplitude. Accordingly, the
switch 108 opens/closes the path between the BPF 105 and
the adder 109 based on the spread spectrum wave/
interference wave ratio.

However, the present mvention i1s not limited to this

arrangement. For example, as shown in FIG. 3, the delay

circuit 104, the switch 108 and the adder 109 can be replaced
with band elimination filter (BEF) 111 and switch 112. In
this construction, if an intense interference wave mixes 1n an
input signal, the switch 112 selects the BEF 111 side in
accordance with the judgment circuit 107 output to prevent
the 1ntense interference wave from being inputted into the
demodulator 110. If the interference wave 1s not intense, the
switch 112 selects the RF AMP 103 output side, and the RF
AMP 103 output 1s demodulated.

|Second Embodiment (FIGS. 4-16)]

FIG. 4 1s a block diagram schematically showing the
conflguration of a communication apparatus according to a
sccond embodiment of the present invention. In this
embodiment, a pair of communication apparatuses 200 and
210 perform communication according to the HDLC (High
level Data Link Control) procedure, and if an intense inter-
ference wave mixes with an input signal during
communication, perform recovery according to the HDLC
procedure.

In FIG. 4, the communication apparatus 200 (210) has
wireless protocol controller 201 for controlling wireless
interval protocol, transmitter 202 for data transmission,
transmission status detector 203 for detecting data transmis-
sion status, transmission antenna 204, reception antenna
205, transmission status controller 206 for judging trans-
mission status and notifying the judgment result to the
transmitter 202 and the wireless protocol controller 201,
reception demodulator 207 for reception demodulation
including synchronization seizure, synchronization hold and
bit error correction, reception status controller 208 for
judging data reception status and notifying the judgment
result to the wireless protocol controller 201.

FIG. 5 1s a block diagram showing the configuration of the
transmission and reception circuits of the apparatus.

The transmitter 202 has code generator 202a for gener-
ating a spread spectrum code, oscillator 2025 for generating
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a carrier frequency signal, mixer 202¢ for modulating the
carrier signal using the spread code generated by the code
generator 202a, amplifier (AMP) 202d for amplifying the
spread signal to a transmission voltage level, and band-pass
filter (BPF) 202¢ for passing a transmission band frequency
signal.

The transmission status detector 203 has mixer 203a for
modulating a carrier signal using a spread code generated by
the code generator 2024, AMP 203b for amplifying an
inverted-phase signal of a transmission signal inputted from
the reception antenna 2035, 1.e., a direct wave, BPF 203c for
passing a transmission band frequency signal, and cancel
circuit 203-1 for eliminating transmission signal directly
inputted into the reception antenna 205 1.e. direct wave. Note
that the cancel circuit 203-1 performs 2 PSK (phase shift
keying) cancellation, however, it may perform other
cancellations, e.g., FSK (frequency shift keying).

The cancel circuit 203-1 has delay circuits 2034 and 203¢
for matching the phase of the inverted-phase signal for

climinating direct wave and the phase of the direct wave,
AMP’s 203f and 203¢ for amplifying the signals from the

delay circuits 2034 and 203e, and adder 203/ for adding the
signals. As shown 1n FIG. 6, as the transmission antenna 204
and the reception antenna 205 are located at fixed positions,
delay amount of the direct wave 204a becomes constant.
The delay circuits 2034 and 203¢ are adjusted based on this
constant delay amount.

The transmission status detector 203 has SAW convolver
203% for outputting correlation between a reference signal
and signals other than the direct wave (e.g. a reflection wave
of the transmission signal), oscillator 203; for generating a
carrier for the reference signal, mixer 203; for modulating
the carrier using a spread code from the code generator
2024, detector 203/ for detecting the SAW convolver 203%
output, and level judgment circuit 2031 for generating a
status signal based on the detector 203/ output level.

The reception demodulator 207 has BPF 2074 for elimi-
nating frequency signals other than the reception signal
frequency signal, AGC (automatic gain control) AMP 207b
for amplifying the reception level to a constant value,
synchronization seizure circuit 207¢ for seizing 1nitial syn-
chronization from a reception wave, synchronization hold
circuit 207d for holding the synchronization seized by the
synchronization seizure circuit 207¢, and demodulator 207¢
including a bit-error corrector.

FIG. 6 1llustrates radiowave propagation 1n this embodi-
ment.

In FIG. 6, the communication apparatuses 200 as the main
unit of communication in the second embodiment and the
communication apparatus 210 having the same construction
as that of the apparatus 200, another communication appa-
ratus 211 which performs spread spectrum modulation, and
a high-output narrow band interference wave originator 204f
are 1ncluded m the radiowave propagation environment.
Signal 204a 1s a direct wave from the apparatus 200
(transmission wave from the apparatus 200 directly received
by the apparatus 200); signal 2045, a reflection wave of the
apparatus 200 transmission signal; signal 204c¢, a reflection
wave of a transmission signal from the apparatus 211; signal
204d, a direct wave from the apparatus 211; and signal 204e,
a high-output narrow band interference wave from the
narrow band interference wave originator 204f (¢.g., acro-
navigation radar).

FIGS. 7B, 8B and 10B show radiowave statuses within a
transmission frequency band of the communication appara-
tus 200 during transmission. Further, FIGS. 7A, 8A, 9 and

10A show wavetorms detected by the transmission status
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detector 203 during transmission of the apparatus 200. These
diagrams show signal statuses after cancellation of the direct
wave 204a by the cancel circuit 203-1.

FIG. 7A shows a case where the reflection wave 204b of
the apparatus 200 transmission signal is detected (FIG. 7B).
FIGS. 8A and FIG. 9 show a case where the reflection wave
204bH and another spread signal from another station which
uses the same code and the same frequency band (in FIG. 6,
signals 204c¢ and 204d from the apparatus 211) are detected
(FIG. 8B). FIG. 10A shows a case where the reflection wave
204bH and the narrow band interference wave 204¢ such as
signals from an aero-navigation radar are detected (FIG.
10B).

Next, the operations of the communication apparatus 200
will be described with reference to FIGS. 7A to 10B and
FIG. 11 which illustrates data communication control.

First, data transmission operation will be described below.

The transmission controller 206 examines a status signal
outputted from the transmission detector 203. If the trans-
mission controller 206 judges that the space propagation
condition 1s “fine”, 1t transmits a TXOK signal to the
wireless protocol controller 201, and if not, (e.g., the com-
munication apparatus 211 1s performing communication
using the same frequency and the same code, or degradation
of the wireless communication path due to the high-output
narrow band interference wave 204¢ has occurred), the
controller 206 transmits a TXNG signal to the wireless
protocol controller 201 to keep the transmission AMP 2024
turned off. When the wireless communication path has
recovered, the controller 206 transmits a TXOK signal as
fransmission permission.

The wireless protocol controller 201 receives the TXOK
signal, and 1f there 1s data to be transmitted, provides the
transmission data to the code generator 202a. If the data 1s
“1”, the code generator 202a outputs a spread code block
(one period) to the mixer 202¢ without inversion. If the data
1s “0”, the code generator 202a 1nverts the spectrum code
block and outputs the inverted spread code block to the
mixer 202¢. Further, the code generator 202a outputs an
inverted spread code to the mixer 2034 1if the data 1s “17,
while outputs a non-inverted spread code to the mixer 2034
if the data 1s “0”.

The mixers 2034 and 202c¢ secondarily modulate a carrier
signal from the oscillator 202b using the spread code modu-
lated corresponding to the transmission data and output the

secondarily-modulated carrier signal to the AMP’s 202d and
203d.

The AMP 202b output (spread signal) enters the BPF 202¢
where high-frequency component 1s cut off, and the data 1s
fransmitted as transmission signal 204a from the transmis-
sion antenna 204.

The transmission signal 204a includes signals such as a
reflection wave on space propagation, and 1s received by the
reception antenna 205 as a reception direct wave. This
reception signal 1s separated 1nto reception wave for status
detection and reception wave for data reception by trans-
mission BPF 203c¢ having the same pass band as that of the
transmission BPF 202¢ and the BPF 2074 having a different
pass band.

The reception wave for status detection, 1.e., the reception
wave 1ncluding the reflection wave 204b of the transmission
signal passes through the BPF 203c¢ and enters the delay
circuit 2034 for phase matching for the cancel circuit 203-1.

On the other hand, the AMP 2035 amplifies the spread
signal for cancellation modulated by the mixer 203a with
inverted-phase signal to the level of the reception direct
wave 204a and inputs the adjusted signal into the delay
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circuit 203¢. The AMP’s 203/ and 203¢ amplify the signal
phase-matched by the delay circuits 203d and 203¢, and
input the signal into the adder 2034, and signal 212f 1n which
only the reception direct wave 204a component 1s cancelled
1s obtained. The signal 212f enters one of two nput terminals
of the SAW convolver 203%k. The reference spread code
modulated by the mixer 203; with a inverted-spread code
from the code generator 202a based on the carrier generated
by the oscillator 203: 1s 1nputted 1nto the SAW convolver
203% from the other input terminal. The SAW convolver

obtains correlation between the reference spread code and
the signal 212f.

The detector 203/ detects an envelope out of the SAW
convolver 203k correlation output and inputs the detected
envelope 1nto the level judgment circuit 2037 comprising of
a plurality of comparators. The level judgment circuit 203m
compares voltage 212a (FIG. 7A) as reception limitation set
to the respective comparators with voltage 2126 (FIG. 7A)
as SAW convolver 203k output detection voltage (voltage
which has included only the reflection wave 204b and which
has not received noise-level influence), and outputs a level
judgment signal indicating the comparison result to the
transmission controller 206. The transmission controller 206
recognizes the transmission status in accordance with the
signal pattern of the level judgment signal.

Followings are examples of transmission status recogni-
tion by the transmission controller 206:

(1) When the direct wave 204a and the reflection wave 204b
exist (FIGS. 7A and 7B):

In the output signal from the cancel circuit 203-1 a sharp
peak appears only when the SAW convolver 203k output
coincides with the reference spread code (2134 in FIG. 7A).
The detector 203/ detects an envelope out of the SAW
convolver 203k output. The level judgment circuit 203m
compares the detected envelope with predetermined com-
parison voltages 212a and 2125 and outputs comparison
signals 213c and 213d to the transmission controller 206.
The transmission controller 206 measures pulse periods of
the comparison signals 213c and 213d. If a period the same
as that of the spread code 1s obtained for a predetermined
period, 1t 1s judged that the transmission 1s normally per-
formed. In case where the reflection wave 204H does not
exist, comparison signals 213¢ and 213d cannot be obtained.
In this case, it 1s also judged that the transmission 1is
normally performed by detecting the status where compari-
son signals 213c¢ and 213d do not exist for a predetermined
period, since 1if signals 204¢ and 204d from another station
exist, the SAW convolver 203k output can be obtained
unless all the transmission data 1s mverse. In this manner, 1f
the transmission controller 206 judges the transmission
status normal, i1t continuously transmits a TXOK signal to
the wireless protocol controller 201.

(2) When the reflection wave 204bH and a signal from the
narrow band interference wave originator 204f having the
same code and the same frequency as those of the
reflection wave 204b exist (FIGS. 8A and 8B):

The output 214a from the SAW convolver 203k may be
cancelled if the phase 1s inverted with the respective spread
signal data. For this reason, the detected signal 2145 1s not
compared with either of the comparison voltages 212a or
212bh, and comparison signals 214¢ and 214d cannot be
transmitted to the transmission controller 206 by spread
code period. Accordingly, transmission collision with the
transmission by the narrow band interference wave origina-
tor 204f can be recognized by detecting lack of the com-
parison signals 214c¢ and 214d.

(3) When the reflection wave 204bH and a signal from the
narrow band interference wave originator 204f having the




5,974,101

23

same code and the same frequency with timing shifted by

one spread code chip from the reflection wave 2045b exists

(FIG. 9):

The SAW convolver 203k output has twin peaks as shown
in 215a of FIG. 9. (Basically, in bidirectional communica-
fion using the same code and the same frequency, carrier
sense 1s performed before transmission signal 1s outputted,
therefore, these peaks do not appear.) In this case, the
detection signal becomes as shown 1n 2155 of FIG. 9. The
level judgment circuit 203m judges these peaks and trans-
mits a plurality of pulses as shown 1n 215¢ and 2154 of FIG.
9. The transmission controller 206 recognizes that interfer-
ence wave exists, at this time transmits a TXNG signal to the
wireless protocol controller 201 and outputs an output-oif
signal to the transmission AMP 2024
(4) When the direct wave 2044 and the narrow band inter-

ference wave 204¢ exist (FIGS. 10A and 10B)

The cancel circuit 203-1 eliminates the direct wave 204a.
The narrow band interference wave 204¢ 1s discriminated 1n
accordance with the SAW convolver 203% output.

First, 1if the level of the narrow band interference wave
204¢ 1s low, noise level of the SAW convolver 203k output
becomes higher to some extent than that of the SAW
convolver 203k output 213a (FIG. 7A). However, as far as
the noise level of the SAW convolver 2034 output 1s not over
the reception limitation voltage 2124, communication 1s
possible, and the transmission controller 206 recognizes that
degradation of communication status occurs.

On the other hand, when the narrow band interference
wave 204¢ 1s high-output wave such as a wave from an
acro-navigation radar, even though the cancel circuit 203
eliminates the direct wave 2044, the noise level of the SAW
convolver 203k output 216a 1s very high as well as the
correlation peaks, as shown 1n FIG. 10A. In this case, many
of the detection output 216b peaks exceed the comparison
voltage 212a. Accordingly, the level judgment circuit 203
transmits a plurality of pulses as judgment signal 216¢. The
transmission controller 206 recognizes that the transmission
1s 1mpossible.

Further, 1f interference wave from another station exists
and 1its level 1s high, the SAW convolver 203k output
becomes similar to the above status. The transmission con-
troller 206 recognizes that the transmission 1s 1mpossible,
transmits a TXNG signal to the wireless protocol controller
201 and transmits a transmission-off signal to the transmis-
sion AMP 202b.

The wireless protocol controller 201 that receives a trans-
mission status signal (TXOL or TXNG) from the transmis-
sion controller 206 performs the following operations based
on the transmission status signal.

In FIG. 11, when the wireless protocol controller 201
receives a TXOK signal, similarly to the conventional
protocol, it sequentially transmits transmission data (I) in
packet mode as I, ,, I,., . . . . If the wireless protocol
controller 201 receives a TXNG signal from the transmis-
sion controller 206 during transmission of data packet I, _;,
it stops the transmission of the data packet I, 5, and transmits
a communication halt signal to a user interface (not shown).
The user interface sets the data transmission in waiting
status. The wireless protocol controller 201 waits for a
TXOK signal from the transmission controller 206.

Thereafter, when the wireless protocol controller 201
receives a TXOK signal, 1t retransmits the data packet I, ,
then returns to the 1initial normal data transmission sequence.

Next, data reception by the communication apparatus 210
having the same construction as that of the apparatus 200
will be described below.
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In the communication apparatus 210, a data signal
received from the reception antenna 205 passes through the
BPF 207a which passes only a reception band signal, and
enters, via the AGCAMP 2075, the synchronization seizure
circuit 207¢, the synchronization hold circuit 2074 and the
demodulator 207e.

The reception demodulator 207 performs 1nitial synchro-
nization by the synchronization seizure circuit 207¢ com-
prising such as a SAW convolver, a detector and a counter.
When the synchronization 1s completed, the synchronization
se1zure circuit 207¢ outputs the synchronized timing and a
signal detected from the SAW convolver output to the
synchronization hold circuit 207d.

The synchronization hold circuit 2074 transmits a clock
and a code for spread spectrum demodulation to the
demodulator 207¢ while maintaining synchronization using
such as a DLL (delay lock loop) circuit. The demodulator
207¢ performs spread spectrum demodulation and bit error
correction to the reception data, and transmits the data to the
wireless protocol controller 201.

The synchronization hold circuit 2074 and the demodu-
lator 207¢ detect the reception status, and the reception
status controller 208 judges the reception status.

First, the synchronization hold circuit 2074 judges a
detection signal from the synchronization seizure circuit
207c¢ 1n a stmilar manner to that of the level judgment circuit
203m of the transmission status detector 203, and outputs a
judgment signal to the reception status controller 208.

The reception status controller 208 judges the reception
status based on approximately similar judgment standards to
those of the transmission controller 206. Following 1s a
difference from transmission status judgment by the trans-
mission controller 206.

The reception status controller 208 uses data generated by
the bit-error corrector incorporated in the the demodulator
207¢ as well as the SAW convolver output. More
specifically, the bit-error corrector recognizes occurrence of
bit error and transmits error information to the reception
status controller 208.

The reception status controller 208 examines whether or
not burst error has occurred based on the error information.
In case of burst error, whether the wireless communication
propagation condition 1s degraded or not 1s judged 1n a
similar manner to that of the transmission status judgment
by the transmission controller 206. Only 1f degradation of
the wireless communication 1s recognized, it judges that the
reception 1s impossible and transmits a RXNG signal to the
wireless protocol controller 201 continuously till the recep-
fion status 1s recovered.

On the other hand, the wireless protocol controller 201
that receives the RXNG signal deletes the packet data I,
currently being received and stops the reception operation as
shown 1n FIG. 11. The wireless protocol controller 201
transmits a communication halt signal to the user interface,
which sets the communication 1n reception waiting status
until the reception status 1s improved, 1.€., the wireless
protocol controller 201 receives a RXOK signal.

In this embodiment, the SAW convolver 1s employed as a
correlator between the wireless communication status detec-
tion and the imitial synchronization seizure of the reception
circuit. This arrangement enables monitoring communica-
fion by another station by sequentially changing a reference
spread code. In a spread spectrum demodulation communi-
cation apparatus using a Code Division Multiple Access
method, if assignment of a spread code 1s changed at every
communication, the SAW convolver can also be used for
detecting an available code. Further, the SAW convolver can
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be replaced with a matched filter to reduce the number of
parts, realizing the function as shown 1n this embodiment.

As described above, upon data transmission, a direct wave
of a transmission signal mputted from the reception antenna
can be eliminated and a radiowave level on the transmission
frequency band can be detected, to judge transmission data
damage status and channel collision status. On the other
hand, upon data reception, reception data damage status can
be judged based on synchronization holding status and data
bit-error status and the data communication can be tempo-
rarily stopped and restarted in accordance with the judgment
of the frequency band radiowave status. In this manner, as
the data communication can be temporarily halted till the
space radiowave propagation condition has recovered,
wasteful retransmission can be omitted. Further, data link
disconnection after retransmission operations can be
avolded. Thus, the throughput of data communication can be
improved.

As communication status can be recognized in a real-time
manner during data communication, this embodiment can
achieve improvement of throughput similarly to the conven-
tional SRej procedure by simple control. Moreover, accord-
ing to this embodiment, transmission data buffer capacity
can be saved, smce 1t 15 not necessary to store data whose
amount corresponds to an outstanding number, thus down-
sizing and reduction of production costs can be attained.
Further, 1n non-communicable status, data communication
can be stopped and radiowave output i1s stopped, thus the
apparatus does not influence other systems and effective use
of radiowave resources can be attamed.

As described above, in this embodiment, presence/
absence of interference waves and degradation of commu-
nication quality are recognized based on communication
status detected during communication in a real-time manner,
and the communication 1s temporarily stopped based on the
recognition result. However, the present invention 1s not
limited to this arrangement. For example, when the appara-
tus 1s turned on, 1nterference wave transmission status can be
detected, and further, period and time of interference wave
can be detected. In this case, 1f a periodical interference
wave 15 detected, transmission can be temporarily stopped
and restarted when the interference wave 1s not detected.
FIG. 12 illustrates data communication 1n this case. It should
be noted that in FIG. 12, the operations are not related to poll
bit (P) values. Therefore, the poll bit values are omitted and
the respective data packet are represented as “frame 17,

When the apparatus communication 200 1s turned on, the
transmission controller 206 measures, for a predetermined
per1od, interference wave detection time outputted from the
transmission status detector 203 and interference wave non-
detection time detected using an inner timer. In this manner,
the transmission controller 206 measures period of genera-
tion of interference wave (e.g. acro-navigation radar signal)
and 1nterference wave generation time. If interference wave
1s not detected at this time, the transmission controller 206
judges that there 1s no periodical interference wave and
terminates the mterference wave detection operation.

If the wireless protocol controller 201 requires data com-
munication after the interference wave detection, the trans-
mission conftroller 206 sends a communication allowance
signal 1indicating communication time corresponding to the
interference wave non-detecting period to the wireless pro-
tocol controller 201. Thereafter, the transmission controller
206 monitors transmission status until the communication
time 1s over and the interference wave detection time begins.

On the other hand, the wireless protocol controller 201
that has received the communication allowance signal sets

10

15

20

25

30

35

40

45

50

55

60

65

26

up link connection of the wireless communication path and
starts data communication. If beginning of the interference
wave detection time 1s notified by the inner timer of the
transmission controller 206, 1t transmits a communication
halt signal to the wireless protocol controller 201 and starts
interference wave detection operation. In this operation,
similarly to the measurement when the apparatus was turned
on, the transmission controller 206 detects differences
between the transmission status detector 203 output and the
detection time by the mner timer, and adjusts the difference.

The wireless protocol controller 201 temporarily stops the
data transmission upon receiving the communication halt
signal, sets data buffer address again for retransmission, and
waits for a communication allowance signal.

If the wireless protocol controller 201 receives a commu-
nication halt signal 1n reception stand-by status, it tempo-
rarily stops a reception confirmation timer and waits for a
communication allowance signal. On receiving the commu-
nication allowance signal, the wireless protocol controller
201 restarts the reception confirmation timer.

If the wireless protocol controller 201 receives a commu-
nication halt signal during data reception, 1t deletes the data
currently being received, and restarts the reception after
receiving a communication allowance signal.

It goes without saying that in this arrangement,
transmission/reception status 1s monitored and the
transmission/reception 1s temporarily stopped upon receiv-
ing an intense 1nterference wave.

In the second embodiment, the communication apparatus
monitors transmission/reception status and when it receives
an 1ntense interference wave, temporarily stops the
transmission/reception. However, the present mvention 1s
not limited to this arrangement. The communication appa-
ratus may monitor mainly transmission status.

FIG. 13 15 a block diagram showing the configuration of
the communication apparatus that mainly monitors trans-
mission status. In FIG. 13, except for the wireless protocol
controller 201, the reception demodulator 207 and the recep-
tion status controller 208, the apparatus comprises the ele-
ments corresponding to those of the apparatus shown in FIG.
4, therefore, the correspondent elements have the same
reference numerals. The apparatus of this construction can
detect data transmission status by processings similar to

those 1n the second embodiment.
Further, as shown 1n FIG. 14, the SAW convolver 203% of

FIG. 13 can be replaced with matched filter 203 for
detecting transmission status.

In the second embodiment, an outstanding number 1s not
controlled during data transmission/reception. However, the
present invention 1s not limited to this arrangement. For
example, upon data transmission/reception, the outstanding
number 1n the wireless communication path can be changed
corresponding to the number of retransmission. More
specifically, the outstanding number can be reduced to a low
value before the space radiowave propagation condition 1s
recovered, thus wasteful retransmissions can be omitted and
the throughput can be mmproved by simple control. The
reduced transmission data buffer capacity in this manner
contributes largely to downsizing of the apparatus and
reduction of production costs.

FIG. 15 1illustrates data communication control and
changing of the outstanding number 1n the above example,
and FIG. 16 1s a flowchart showing the outstanding number
control.

In FIG. 15, error counter (EC) is provided in a wireless
communication path controller (not shown). The count value
is incremented (+1) (step S2) by every retransmission
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request (step S1), and when the value becomes a predeter-
mined value (in FIG. 16, “107), it is cleared (steps S3 and

S4). Further, the EC value is decremented (-1) (step S10)
every time 1t 1s judged that frame I 1s correctly transmitted/
received , i.e., there is no retransmission request (step S1),
unless the value is “0” (the minimum value).

Similarly to the error counter, outstanding number counter
(OC) counts an outstanding number set to the wireless
communication path controller. Frame I, 1n which the poll
bit value 1s “07, 1.e., reception confirmation request 1s not
made, 1s retransmitted in accordance with the OC value. The
OC value 1s decremented (-1) (step S6) if it 1s judged that
retransmission of the frame I is performed (step S1) and if
the EC value becomes the maximum value “10” (step S3)
and the EC value is not the minimum value “1” (step S5).

When the frame I 1s correctly transmitted, if the EC value

is “0” (step S7) and if the OC value is not “7” (modulo is
“87) (step S8), the OC value is incremented (+1) (step S9).

The transmission control as shown 1n FIG. 15 1s made
using the counters EC and OC as described above. Initially,
the EC value 1s “0” and the OC value 1s “5”.

The communication apparatus on the transmitting side
(hereinafter, referred to as “transmitter”) transmits frames
I, , to I,_, in which the poll bit value 1s “0” and frame I, _;
having the poll bit “1”. However, the communication appa-
ratus on the receiving side (hereinafter, referred to as
“receiver”) did not correctly receive the I,_; frame data. The
receiver deletes the I,_, and I, _< frames, and transmits a Re;
signal, requesting retransmission from the I, ; frame.

The transmitter receives the Rej signal, increments the EC
value (+1) and retransmits from the I, ; frame.

The receiver correctly receives the retransmitted I, _; and
[,_, frames. However, 1t does not correctly receives the I, .
frame. The receiver transmits a Rej signal again. The trans-
mitter receives the Rej signal, increments the EC value (+1)
and retransmits from the I, . frame.

The EC wvalue increases in this manner, and when 1t
becomes the predetermined threshold value “107, the wire-
less communication path controller examines the OC value,
and if the value is not “1”, decrements the value (-1) and
retransmits not-received frame(s) 1. If the OC value is “17,
the poll bit of the frame I 1s set to “1”. The receiver receives
the frame I having the poll bit “1”, and if the data 1s correctly
received, transmits a reception confirmation signal RR. The
transmitter detects the EC value upon receiving the RR
signal, and if the EC value 1s not “0”, decrements the value
(-1) and retransmits the frame I.

The communication operations are repeated until the EC
value becomes “0” and a RR signal 1s received, when the
wireless communication path controller increments the OC
value (+1) and sequentially transmits frames I in which the
poll bit P 1s set to “0”. At this time, the number of the frames
corresponds to the OC value smaller than the incremented
(+1) value by one. Thereafter, the wireless communication
path controller sequentially transmits I frames 1n which the
poll bit P 1s set to “1” and waits for a reception confirmation
signal RR.

As described above, 1n accordance with communication
status, transmission with reception confirmation or sequen-
fial transmission without reception confirmation within a
ogrven number of times can be selectively performed. In this
manner, data communication can be performed with an
appropriate procedure and the highest total throughput.

In FIG. 15, the upper limit of the EC value 1s fixed.
However, the value can be varied 1n accordance with retrans-
mission requesting status. Further, as the outstanding num-
ber 1s monitored, the following procedure can be added: if
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retransmission request 1s continuously received and the
outstanding number 1s not changed from “17, 1t 1s recognized
that rapid degradation of radiowave propagation condition
has occurred and the wireless communication path controller
temporarily halts the communication. This arrangement has
an advantage 1n that influence of the degraded propagation
condition upon other systems can be suppressed.

In addition, wasteful retransmissions and data link dis-
connection after retransmission operation can be avoided,
thus improving the throughput.

Moreover, the outstanding number can be decreased 1n
accordance with the communication status, and the total
throughput can be improved by adding a simple software.
[ Third Embodiment (FIGS. 17-21)]

FIG. 17 1s a block diagram showing the configuration of
a receiver of a spread spectrum modulation communication
apparatus according to a third embodiment of the present
invention.

In FIG. 17, reference numeral 301 denotes a BPF having
a pass band corresponding to a reception spectrum signal
band; 305, a voltage controlled oscillator (VCO) whose
oscillation frequency varies in accordance with an input
voltage; and 306, a voltage sweeper for providing sweeping
voltage to an input terminal of the VCO 3035.

Further, numeral 303 denotes a multiplier which com-
prises such as a mixer for multiplying the VCO 305 output
signal and a reception signal; 304, a low pass filter (LPF) for
cutting off high-frequency component of the multiplier 303
output with a cutoff frequency f. and outputting only a
difference frequency component; 308, an integrator for
integrating the LPF 304 output signal and outputting direct
current voltage; and 309, a comparator for detecting that the
integrator 308 output voltage has become equal to/higher
than a predetermined value.

Numeral 310 denotes a 180° phase shifter for inverting
the VCO 3085 output phase; 311, an attenuator (ATT) for
adjusting the 180° phase shifter 310 output signal to an
appropriate level 1n accordance with the integrator 308
output voltage; 302, an adder for adding the AT'T 311 output
signal to a reception signal from the BPF 301; 307, a
controller for controlling the respective elements of the
apparatus, especially for controlling, based on the compara-
tor 309 output, starting/termination of sweeping by the
voltage sweeper 306.

In the apparatus having the above-described construction,
when reception spread spectrum signal S, mncluding inter-
ference wave signal f | is inputted from an antenna (ANT)
(not shown) into reception input terminal a of the BPF 301,
in which components other than a reception band signal are
climinated, the BPF 301 outputs reception band signal S..

The reception signal S, enters input terminal ¢ of the
adder 302 and mput terminal e of the multiplier 303. Output
signal S;, 1s inputted into another input terminal f of the
multiplier 303.

The voltage sweeper 306 inputs sweeping voltage 1nto the
VCO 305 so that the VCO 305 output frequency can be
f-BW/2 to f+BW/2 (f =the reception signal central
frequency, BW=spread bandwidth). The controller 307 out-
puts a start/stop signal to the voltage sweeper 306 to
start/stop sweeping operation.

Accordingly, the multiplier 303 receives the reception
spread signal S2 including the interference wave (f,;) via the
input terminal e, and via the input terminal f, the signal S, ,
having frequency 1, from the VCO 305. The multiplier 303
outputs spread signal S; having central frequency [f,=f .|
full and bandwidth BW into output terminal g of the
multiplier 303. The spread signal S; passes through the LPF
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304, in which all the high-frequency components are
eliminated, and becomes signal S, havmg central frequency
f,—1 , and bandwidth BW. As Shown in FIG. 18, a cutoft
frequency of the LPF 304 can be approximately BW. If the
LPF 304 cutofl frequency 1s equal to/lower than the BW, the

interference component 1, 1s eliminated 1n the LPF 304 and
cannot be detected.

The LPF 304 output signal S4(f,-f ;) enters the integrator
308. The integrator 308 comprises such as a resistor and a
capacitor, and has cutoff frequency (f_,) set to approximately
100 Hz.

Accordingly, if the LPF 304 output signal S,(f,-f, ;) 1s
equal to/higher than 100 Hz, the signal is cut off, as a resullt,
the signal S, never appears 1n the integrator 308 output.
Further, as the integrator 308 output 1s equal to/lower than
a voltage level (V) of the comparator 309, the comparator
309 does not output a comparison signal.

If the voltage sweeper 306 voltage increases and the VCO
305 output signal S, , has frequency ;' which 1s fully close
to the frequency {,; (e.g., {,'-f,,=50 Hz), signal S; having
frequency |f,'+f .| can be obtamed from the multlpher 303
output terminal g, and spread signal S, having central
frequency f,'-t , as shown in. FIG. 20 can be obtained from
the LPF 304.

The frequency (f,'-f,) is low enough for passing the
integrator 308. Accordingly, a predetermined level DC volt-
age (V,) can be obtained from the integrator 308. If the V|
becomes higher than the comparison voltage of the com-
parator 309, the comparator 309 outputs an output signal
(S,..,) to the controller 307.

The controller 307 provides a stop signal to the voltage
sweeper 306 to 1ix signal S, , frequency from the VCO 3085.
The frequency of the signal S, , at this time 1s approximately
equal to the interference wave frequency f, ,. This means
that frequency of interference wave can be detected.

The 180° phase shifter 310 inverts the phase of the signal
S; o, and the ATT 311 adjusts the phase-inverted signal to an
appropriate level and provides the signal into input terminal
d of the adder 302. The reception spread signal S, including
the 1nterference wave component f . 1s inputted 1nto another
input terminal ¢ of the adder 302, and a signal 1n which the
interference wave component f , 1s eliminated 1s outputted
to output terminal b.

According to this embodiment, mterference wave fre-
quency 1s detected automatically, and a phase-inverted sig-
nal of the interference wave 1s generated. The phase-inverted
signal 1s added to a reception signal mncluding the interfer-
ence wave, so that the interference wave can be eliminated.

In this embodiment, the 180° phase shifter 310 inverts the
VCO 305 output phase, and the reception signal S, and the
180° phase shifter 310 output are inputted into the adder 302
to eliminate only the interference wave component,
however, the present invention 1s not limited to this arrange-
ment. For example, as shown 1n FIG. 17, instead of using the
180° phase shifter 310, the adder 302 can be replaced with
a subtracter.

In FIG. 21, the 180° phase shifter 310 and the ATT 311 are
omitted, and the adder 302 is replaced with BEF (band
elimination filter) 321 for restricting the BPF 301 output
signal by a predetermined narrow band using an elimination
frequency corresponding to the voltage sweeper 306 output
voltage. Further, switch 322 for opening/closing a path
between the voltage sweeper 306 and the BEF 321 in
accordance with the comparator 309 output 1s provided. The
BEF 321 comprises such as a voltage variable capacitor and
a coil, and 1t varies its capacity corresponding to input
voltage to change 1ts filter characteristic.
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In the above construction, similarly to the operations as
shown in FIG. 17, the comparator 309 output signal (Reset)
1s provided to the controller 307. The controller 307 outputs
a stop signal to the voltage sweeper 306 to fix the VCO 305
output signal S, , frequency, then to detect the interference
wave frequency I ;.

On the other hand, the comparator 309 output signal S__
1s provided to the switch 322, which closes the path between
the BEF 321 and the voltage sweeper 306 1n accordance with
the output signal (Reset). The voltage sweeper 306 output
voltage 1s provided to the BEF 321.

Accordingly, in FIG. 21, if the interference wave {fre-
quency 1s detected, the apparatus can comprise a narrow
band elimination filter which eliminates only an interference
wave Ifrequency. The narrow BEF can output a signal in
which the interference wave component { , included 1n the
reception spread signal S, 1s eliminated to the output ter-
minal b.

Further, in FIG. 21, the BEF 321 can be replaced with the
combination of a LPF (low pass filter) and a HPF (high pass
filter), which can obtain similar function by changing the
pass band corresponding to input voltage.
| Fourth Embodiment (FIGS. 22-24)]

In the third embodiment, the voltage of the correlator
output 1s integrated. However, 1n this embodiment, to obtain
a constant output voltage from varying reception wave, the
correlator output peak 1s detected to generate DC voltage
appropriate to the peak level. Consequently, AGC voltage
not influenced by noise in the correlation output can be
generated.

FIG. 22 1s a block diagram showing a communication
apparatus according to a fourth embodiment of the present
invention. In FIG. 22, elements correspond to those in FIG.
53 showing the conventional apparatus have the same rel-
erence numerals and the explanations of these elements will
be omuitted.

The apparatus 1n FIG. 22 comprises peak hold circuit 464
instead of the integrator 454 of the apparatus of FIG. 53.

FIG. 23 shows the construction of the peak hold circuit
464. The peak hold circuit 464 has OP-amplifiers 470 and
479, diodes 471 to 473, capacitor 474 and resistors 475 to
478. The peak hold circuit 464 1s a low-drift peak hold
circuit which compensates the diode operation voltage (V)
by the OP-AMP’s 470 and 479 and reduces the diode leak
voltage by boot strap.

In FIG. 23, if V>V 4 (V,=mput voltage), the diodes 471
and 472 are turned on and the capacitor 474 1s charged. As
the OP-AMP 479 output 1s negative fed back to the OP-AMP
470, the diodes 471 and 472 voltage V.1s compensated with
high gain of the OP-AMP 470.

Next, if V.<V ., the peak hold circuit 464 has a holding,
period. The diode 473 cramps the OP-AMP 470 output, and
inverse bias of the diode 471 1s lowered to voltage equal to
the diode 471 voltage V. Further, the resistor 477 boot straps
the diode 472 anode and inverse bias of the diode 472
becomes approximately “0” (V), thus there is little inverse
current. The resistor 475 1s a discharge resistor which 1s
selected to discharge at appropriate time.

FIG. 24 shows status of AGC voltage which corresponds
to correlation output. As shown in FIG. 24, noise component
overlapped with the correlation output ((a) in FIG. 24)
influences detection output ((b) in FIG. 24), however, it does
not appear in peak hold output ((c¢) in FIG. 24). In this
manner, DC voltage which corresponds to respective corre-
lation peak levels can be obtained.

In this embodiment, as shown 1 FIG. 23, the peak hold
circuit 1s provided to detect peak level of envelope detection
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output, however, the present invention 1s not limited to this
arrangement. For example, the peak hold circuit can be
provided, not at output portion of the envelope detector 453,
but at output portion of the delay device 449.

In this embodiment, the ATT 463 damping rate 1s changed
for gain control. However, in an apparatus having a rela-
fively narrow frequency band, the amplifying rate of the
AMP 447 can be directly changed for the same purpose.
| Fifth Embodiment (FIGS. 25-27)]

In this embodiment, a receiver of a spread spectrum
modulation communication apparatus has a desired band
filter and a desired out-of-band filter for IF processing and
selectively uses these band filters.

FIG. 25 1s a block diagram showing the configuration of
a half duplex communication apparatus according to a fifth
embodiment of the present imnvention. Compared with FIG.
60 showing the conventional apparatus, the communication

apparatus according to the fifth embodiment has IFBPEF’s
591 and 592, and switch 593 for selecting these BPF’s. In

FIG. 60, the switchover signal S, ; 1s provided to the RFAMP
443 and the IFAMP 447, while the switchover signal S, ; 1n
FIG. 25 1s provided to the switch 593 for selecting a BPF 1n
accordance with transmission/reception switchover. Note
that in FIG. 25, elements correspond to those in FIG. 60 has
the same reference numerals and the explanations of these
clements will be omitted.

The switch 593 can be a semiconductor switch similar to
the ANTSW 481. As IF frequency 1s approximately 144
MHz, 1solation can be ensured and separation can be raised

The respective pass bands of the IFBPF 591 and 592 are
largely different for easily eliminating in-band signal gen-
crated by interference wave.

Upon normal reception, the IFBPF 591 having a desired
IF band as 1ts pass band 1s selected, and upon transmission,
the IFBPF 592 having a desired band out of the IFBPF 591
pass band as its pass band 1s selected. Accordingly, inter-
ference wave which has mixed in the reception band 1is
separated by the IFBPF 592 and 1t does not enter the IFAMP
447. Upon next reception, again the IFBPF 591 is selected
for normal reception.

According to this embodiment, mterference waves during
fransmission can be reliably eliminated without using an
expensive high-frequency relay and on/off control of the
RFAMP 443 and IFAMP 447. Thus, a communication
apparatus which prevents degradation of system throughput
can be provided at a low price.

In this embodiment, the IFBPF 591 and 592 are provided
for selective use. However, the present invention i1s not
limited to this arrangement. FIG. 26 shows an example
where the switch 5§93 1s replaced with switch 594 for
crounding an input signal upon transmission instead of
switching over to the IFBPF 3592. FIG. 27 shows another
example where variable attenuator 595 1s provided for the
switch 593 for attenuating an 1nput signal upon transmis-
s101.

[ Sixth Embodiment (FIGS. 28-31)]

In this embodiment, a spread spectrum modulation com-
munication apparatus which can detect interference wave
and notify a user of it will be described.

FIG. 28 1s a block diagram showing the configuration of
a transceiver ol a communication apparatus according to the
sixth embodiment.

In FIG. 28, receiver 611 has an AMP for amplifying a
reception wave from antenna 610 and a BPF for passing a
predetermined band wave. Demodulator 612 has a primary
demodulator for converting a spread spectrum signal 1nto a
narrow band signal and a secondary demodulator for gen-
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crating a digital data out of the primarily-demodulated
signal. Line controller 613 controls wireless communication
reception.

A/D converter 614 converts an analog signal received
from the antenna 610 into a digital signal, and Fast Fourier
transformer (FFT) 615 performs Fourier transformation to
the digital signal from the A/D converter 614.

CPU 616 controls the respective elements of the trans-
ceiver shown 1n FIG. 28, and detects narrow band interfer-
ence wave based on the FFT 615 output. Modulator 617
modulates transmission data and transmits the data via
transmission antenna 619. Line controller 618 controls wire-
less communication line transmission.

When the CPU 616 detects an interference wave, LED
620 1s turned on to notify a user of the detection of
interference wave.

In the above construction, the communication apparatus
in the sixth embodiment detects narrow band interference
wave using the A/D converter 614, the FFT 615 and the CPU
616, and when the mterference wave value 1s over a prede-
termined limitation value, notifies the user of it, so that the
user can recognize the possibility that the reception infor-
mation includes an error due to the interference wave.

In this embodiment, the influence of interference wave 1s
notified by the LED 620, however, the LED 620 can be
replaced with a buzzer which emits an alarm or a LCD
which displays interference wave influence status for the
Same Purpose.

FIG. 29 shows reception data waveform after A/D con-
version and Fourier transformation i a case where no
narrow band interference wave exists. FIG. 30 shows recep-
fion data waveform 1n a case where narrow band interfer-
ence wave exists. In FIGS. 29 to 30, the wvertical axis
represents spectrum power obtained from the Fourier trans-
formation; and the horizontal axis, its frequency. The FFT
615 output 1s a discrete spectrum having spectrum width Af,
and 1t varies as spectrum values {,, £, . . . I 1n ascending
order. The power corresponding to the respective spectrum
values (f;, f, . . . ) is represented by P,, P, . . . P,. Further,
dotted line 621 1s an envelope of spectrum which 1s obtained
from the FFT 615 when 1deal reception data 1s obtained. This
envelope 1s used as a threshold line for interference wave
detection.

Followings are procedures for processing the FFT 615
output performed by the CPU 616 to detect narrow band
interference wave and judge 1ts influence.

(1) Whether or not each of power values (P,, P, ... P ) of

obtained spectrum values (f;, £, . . . f ) is greater than the
threshold line 621 1s examined.

(2) Regarding data greater than the threshold line 621, the
power values beyond the threshold line (S,) are added. In
FIG. 29, the power values of the spectrum values f._, 1,

and f. , exceed the threshold line 621 by AP,_,, AP, and
AP, ., accordingly, the values AP, ,, AP, and AP, , are

I+1°?

added.

(3) Regarding data smaller than the threshold line 621, the
power values of the respective spectrum values are added
(S;). Regarding the data greater than the threshold line
621, the sum of corresponding threshold 621 values are
added to the sum of the spectrum power values below the
threshold line (S,).

Through the procedures (1) to (3), the sum of the spec-
trum power values beneath the threshold value (S,) and the
sum of the power values beyond the threshold value (S,) can
be obtained.

(4) The sums S; and S, are compared and whether or not the
ratio of the sum S, to the sum S, 1s over the limitation
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value of an allowable range (K,) is determined to judge

the extent of interference wave influence.

(5) As a result, in case of S,/S; =K, (within the allowable
range), even if interference wave exists, its influence can
be removed 1n the spread spectrum modulation commu-
nication. Consequently, normal communication control
can be continued. In a case while S,/S,>K, (out of the
allowable range), it is judged that there is interference
wave 1nfluence and the LED 620 1s turned on.
According to this embodiment, presence/absence of influ-

ence of narrow band interference wave can be judged with
S./S, ratio. Even 1f a plurality of narrow band interference
waves exist within the communication apparatus band, as
shown 1n FIG. 31, whether or not the extent of the interfer-
ence wave Influence exceed the allowable range can be
judged, not only with reception levels of the respective
interference waves, but also with the ratio of the sum of
power values of spectrums influenced by the interference
waves to the sum of not-influenced spectrums powers. Thus,
presence/absence of interference wave influence can be
correctly judged.

[ Seventh Embodiment (FIGS. 32-36)]

The communication apparatus according to a seventh
embodiment has a similar construction to that of the appa-
ratus 1n the sixth embodiment. In the interference wave
detection as described 1n the sixth embodiment, the seventh
embodiment enables variable control of a marginal value
(threshold line) and a limitation value of the allowable range
(allowable range value), utilizing the characteristic of radio-
wave reception level which varies corresponding to the
distance between transmitting and receiving apparatuses.

At communication starting time, the transmitter performs
ranging (measuring the distance) between the transmitter
and the receiver before actual data transmission, and informs
the recerver of the ranging result. The receiver changes its
marginal value and allowable range value based on the
received data.

It should be noted that similarly to the sixth embodiment,
the marginal value 1s a reference value for separating data
after A/D conversion and Fourier transformation into a
signal wave and interference wave(s). The allowable range
value 1s a reference value for judgment of presence/absence
of interference wave 1nfluence using the ration of the sum of
signal wave spectrum power values (S;) to the sum of
interference wave spectrum power values (S,), similar to the
limitation value of allowable range (K,) in the sixth embodi-
ment.

FIG. 32 illustrates as a network environment a star-type
network including the communication apparatus according
to the seventh embodiment which has exchange capability as
a main unit and apparati communicable with only the main
unit as subunits.

Next, the ranging process according to this embodiment
will be described with reference to a flowchart of FIG. 33,
in which a subunit 1s to start communication with the main
unit.

In this network, the main unit or a subunit which 1s to start
communication transmits ranging data to the destination
unit, (main unit) when the communication has been estab-
lished. As the ranging data,

(1) a specific code

(2) time indicated by a clock integrated in the main/sub unit
which will start communication can be considered, and
process at the transmission side differs more or less
corresponding to the selected ranging data.

In FIG. 33, steps S61 to S65 via step S62 correspond to
a case where a specific code 1s used as the ranging data, and
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steps S63 to S65 via step S64 correspond to a case where
time 1ndicated by a clock in the transmitting main/sub unit
1s used as the ranging data.

(1) When a specific code is used as the ranging data:

First, the subunit transmits the ranging data to the main
unit (step S61). Further, the subunit stores time at which the
data has been transmitted into a storage device such as a
memory (step S62). On the other hand, the main unit
receives the ranging data and transmits the code without any
modification to the subunit (step S65). The subunit receives
the ranging data returned from the main unit and stores time
at which the data has been received 1nto the storage device
(step S66). The subunit compares the transmission time with
the reception time and calculates the distance to the main
unit, taking a predetermined internal process time 1nto
account (step S67). The subunit informs the calculated
distance to the main unit (step S68).

(2) When time indicated by the clock integrated in the
subunit 1s used as the ranging data:

The subunit initially examines current time (step S63) and
transmits the current time as the ranging data to the main
unit (step S64). Thereafter, the flow advances to step S65.

If the main unit 1s to start communication with a sub unit,
the main unit performs the procedures performed by the
subunit 1n FIG. 33, while the subunit performs the proce-
dures performed by the main unit m FIG. 33.

In this manner, the distance between the transmaitter and
the receiver can be determined. An allowable range value
(K,) and an envelope of spectrum obtained the FFT 615
output when ideal reception data is obtained (marginal
value) are set in accordance with the distance between the
transmitter and the receiver. Thereafter, interference wave
detection as described 1n the sixth embodiment 1s performed.

In this embodiment, 1f the detected interference wave
value exceeds the allowable range value, the CPU 616
fransmits interference wave detection signal to the line
controllers 613 and 618. The line controller 618 stops
transmission until the transmaission halted status 1s removed.
The line controller 613 stops demodulation until the trans-
mission halted status 1s removed, too. When the communi-
cation condition has recovered, the communication 1S
restarted and thus fine communication can be ensured.

FIGS. 34 to 36 show waveforms 1n the transmission band
and reception band 1n case a subunit transmits data to the
main unit. F1G. 34 shows spectrum waveform 1n case where
no narrow band interference wave exits 1 either of the
transmission and reception bands. FIG. 35 shows spectrum
waveform 1n case where narrow band interference wave
exists 1n the transmission band. FIG. 36 shows spectrum
waveform 1n case where narrow band interference wave
exists 1n the reception band.

As shown 1n FIG. 35, 1if a narrow band interference wave
exists 1n the transmission band from the subunit, the main
unit receives the transmission signal from the subunit and
detects the interference wave. If the detected interference
wave value exceeds 1ts allowable range value, the main unit
performs the above-described communication halt process.
If a narrow band interference wave exists 1n the reception
band of the subunit, the subunit detects the interference
wave. If the detected interference wave value exceeds its
allowable range value, the subumit performs the above-
described communication halt process. In this manner, the
influence of the interference wave which appears unexpect-
edly can be suppressed.

As described above, this embodiment utilizes the
ogenerally-known characteristic of radiowave that easily var-
ies 1ts reception level by e.g. reflection. Before communi-
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cation 1s started, the distance between the transmitting and
receiving apparatuses 1s determined, and the marginal value
and the allowable range value are changed 1n accordance
with the ranging result. This realizes more exact interference
wave detection with appropriate marginal value and appro-
priate allowable range value.

It should be noted that in this embodiment, the construc-
fion to detect interference wave 1n the reception band has
been described, which does not pose any limitation upon the
present 1nvention. For example, before actual
communication, interference wave detection regarding
transmission band can be performed, and 1in accordance with
the detection result, the allowable range value can be
decided or communication starting can be delayed. In this
case, processing speed can be improved by separating the
A/D converter 614 and the FFT 615 1nto A/D converter and
FFT for the transmission band and A/D converter and FFT
for the reception band, as shown 1n FIGS. 34 to 36.

Further, in this embodiment, the apparatus has a full
duplex communication type construction where the recep-
fion antenna and the transmission antenna are independently
provided, however, the present invention 1s not limited to
this construction. For example, a similar function can be
realized using a half duplex communication type construc-
tion. It should be noted that 1n this case, it 1s necessary to
have a dedicated reception antenna so that interference wave
detection can always be made. In case where a plurality of
frequency channels are used 1n the half duplex communi-
cation method, the apparatus can be equipped with a plu-
rality of A/D converters and Fourier transformers for the
respective channels so that a channel in which interference
wave 1nifluence 1s the smallest can be selected. In this
construction, line disconnection period due to communica-
fion halted status can be reduced.
| Eighth Embodiment (FIGS. 37-41)]

In this embodiment, a spread spectrum modulation com-
munication apparatus divides a reception signal mto a plu-
rality of band zone signals and processes the divided signals
independently. In the communication system according to
this embodiment, a pair of communication apparatuses A
and B have a corresponding construction and the reception
signal is divided into signals for four band zones (band zones
1 to 4) in order to simplify the explanation.

FIG. 37 1s a block diagram showing the configuration of
an 1nterference wave detector of a communication apparatus
according to an eighth embodiment of the present invention.
The apparatus divides a signal received by receiver 721 via
reception antenna 720 into four band zone signals and
processes the signals by A/D converters 722, FF1T’s 723 and
arithmetic processing units (APU) 724 for the respective
band zones 1n a parallel manner. Whether or not interference
wave exists 1s judged 1n the respective band zone signals,
and the APU’s 724 perform on/off control of notch filters
725 for the respective band zones 1n accordance with the
judgment results. Note that the A/D converters 722, the
FE1’s 723 and the APU’s 724 are used as the interference
detector.

On the other hand, the signal received by the receiver 721
enters primary demodulator 726 and secondary demodulator
727 via the respective notch filters 725 and further enters
line controller 728. If interference wave influence is large,
the line controller 728 which 1s connected to LED 730 turns
on the LED 730 to notify a user of 1it.

In the apparatus having the above construction, when data
reception has been correctly made, the reception data are
stored into memories (not shown) integrated in the APU’s
724. The stored data are used for comparison with 1nput
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reception data newly inputted at another communication
starting time. Detection of an interference wave in the
respective bands are made by this comparison. Further,
based on the detection results, the notch filter 725 of a band
zone 1n which narrow band interference wave exists 1s
turned on to prevent the reception mput.

FIG. 38 shows spectrum distribution as an example of
judgment data for judging existence of narrow band inter-
ference wave. In FIG. 38, the vertical axis represents power
of spectrum obtained by Fourier transformation; and the
horizontal axis, frequency of the spectrum. Dotted line 731
1s an envelope of spectrum from the FFT 723 when i1deal
reception data 1s obtained. The line 731 1s used as a threshold
line for interference wave detection, 1.€., as judgment data.

This judgment data 1s made 1n the following manner.

Every time the communication apparatus A receives a
signal from the communication apparatus B, the respective
A/D converters 722 1n the apparatus A perform A/D con-
version to a divided band zone signal as well as data
modulation. Thereafter, the respective FFT’s 723 perform
Fourier transformation to the A/D converted data. On the
other hand, the line controller 728 notifies whether or not
data has been demodulated to the APU’s 724. The APU’s
724 store the spectrum waveform data after Fouriler trans-
formation as judgment data with the information from the
line controller 728 into the integrated memories. FIG. 38
shows the most 1deal spectrum distribution as judgment data
to be stored.

Next, a case where the apparatus A receives data from the
apparatus B again 1s considered.

Similarly to the preparation of judgment data, the A/D
converters 722 perform A/D conversion and the FF1T’s 723
perform Fourier transformation to the band zone signals, and
the APU’s 724 compare the spectrum data after Fourier
transformation with judgment data stored in the memories of
the APU’s 724 to judge whether or not narrow band inter-
ference wave exists 1n the respective band zones. If a narrow
band interference wave exists 1n a band zone, the APU 724
transmits a signal to operate the corresponding notch filter
725.

FIG. 39 shows spectrum distribution 1n a case in which a
narrow band interference wave exists 1n band zone 3 of a
reception data.

In FIG. 39, the APU 724 for the band zone 3 detects the
interference wave and operates the notch filter 725 for the
zone 3 to attenuate the reception data in the zone 3. As a
result, spectrum distribution as shown in FIG. 40 can be
obtained.

In the interference wave detection and mterference wave
elimination as described above, 1f all the notch filters are not
operated (e.g., only the notch filter 725 for the band zone 3
is operated) and the line controller 728 allows updating of
judgment data, updating of judgment data stored in the
memories of the APU’s 724 1s performed.

The line controller 728 1ssues a judgment data updating
instruction to the APU 724 only 1if judges that data demodu-
lation has been correctly performed.

Note that when no retransmission has been made, or when
retransmission has been made but the number of retrans-
mission was two or three, the line controller 728 also judges
that correct data demodulation has been performed.

Accordingly, 1in this embodiment, a reception signal 1s
divided 1nto a plurality of band zone signals to be processed
in a parallel manner and notch {filters in the respective band
zones are operated independently, the attenuation of the
reception signal can be partially restricted.

In this embodiment, the interference wave elimination 1s
performed upon reception. However, the present invention 1s
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not limited to this arrangement. For example, the apparatus
can be constructed so that i1t can examine whether or not data
transmission 1s 1nterferred upon transmission.

In this case, e.g., before the apparatus A performs data
fransmission, the iterference wave detector 1s operated to
examine whether or not interference wave exists in the
respective band zones. If the presence of interference wave
1s notified, the corresponding APU 724 judges whether or
not the interference wave will cause errors in the current
fransmission, upon assumption that the receiving apparatus
B also detects interference wave intensity which 1s approxi-
mately the same as that detected i the apparatus A. The
judgment result 1s transmitted to the line controller 728,
which, based on the judgment result, determines whether or
not data transmission 1s possible. If 1t 1s possible, the line
controller 728 performs normal data transmission. If
impossible, 1t turns on the LED 730 to notily the user that
data transmission 1s 1impossible, and stores the transmission
data into a buffer memory (not shown) and waits till com-
munication condition has recovered and line connection
becomes possible.

The line controller 728 determines whether or not data
transmission 1s possible using data stored 1in the memories of
the APU’s 724. More speciifically, the line controller 728
adds the judgment data to Fourier-transformed interference
wave data to generate an imaginary reception signal (signal
which the apparatus B will probably receive) and infers
whether or not this signal can be eliminated by the notch
filters.

Further, 1n this embodiment, the reception wave band 1s
divided into a plurality of band zones to generate judgment
data for the respective band zones, and interference wave
detection 1s made 1n the respective band zones. However, the
present invention 1s not limited to this arrangement. For
example, the whole band of the reception data can be A/D
converted and Fourier-transformed and thus converted data
can be used as judgment data in comparison with another
reception data. In this case, attenuation of only a band zone
where narrow band interference wave exists using a corre-
sponding notch filter cannot be performed. However, regard-
ing a wide band interference wave as shown m FIG. 41, this
arrangement can perform elfective interference elimination.

Further, in this embodiment, spectrum data 1n a case
where communication has been correctly performed 1s
stored mto a memory as judgment data. However, spectrum
data 1n a case where communication has not been correctly
performed can be stored as judgment data for interference
wave detection.

The present invention can be applied to a system consti-
tuted by a plurality of devices, or to an apparatus comprising
a simple device. Furthermore, 1t goes without saying that the
invention 1s applicable also to a case where the object of the
invention 1s attained by supplying a program to a system or
apparatus.

As many apparently widely different embodiments of the
present invention can be made without departing from the
spirit and scope thereof, 1t 1s to be understood that the
invention 1s not limited to the specific embodiments thereot
except as defined in the appended claims.

What 1s claimed 1s:

1. A reception apparatus comprising;:

receiving means for receiving a signal;

detecting means for detecting reception results of a plu-
rality of frequency bands received by said receiving
means;

storing means for storing reference data corresponding to
the plurality of frequency bands;

10

15

20

25

30

35

40

45

50

55

60

65

33

comparing means for comparing the reception results with

the reference data; and

climination means for eliminating, from the reception

results, a signal of a frequency band obtained from
comparison results by said comparing means.

2. The apparatus according to claim 1, wherein said
detecting means detects first reception results of the plurality
of frequency bands 1n accordance with a first signal received
by said receiving means at a first timing and second recep-
tion results of the plurality of frequency bands 1in accordance
with a second signal received by said receiving means at a
second timing, and said storing means stores the first recep-
tion results.

3. The apparatus according to claim 2, wherein said
comparing means compares the second reception results
with the first reception results, and said eliminating means
climinates, from the second reception results, the signal of
the frequency band obtained from comparison results by
sald comparing means.

4. The apparatus according to claim 1, wherein said
detecting means comprises transform means for performing
Fourier Transform on the reception results; and

said comparing means compares results from the Fourier
Transform with the reference data.
5. The apparatus according to claim 1, wherein said
climinating means comprises:

a plurality of serial-connected filter means; and

selecting means for selecting at least one of the plurality
of the serial-connected filter means 1n accordance with
the comparison results by said comparing means.

6. A reception method comprising the steps of:

receiving a signal;

detecting reception results of a plurality of frequency
bands received 1n said receiving step;

storing reference data corresponding to the plurality of
frequency bands;

comparing the reception results with the reference data;
and

climimnating from the reception results, a signal of a
frequency band obtained from comparison results in
said comparing step.

7. The method according to claim 6, wherein said detect-
ing step detects first reception results of the plurality of
frequency bands 1n accordance with a first signal received in
said receiving step at a first timing and second reception
results of the plurality of frequency bands in accordance
with a second signal received 1n said receiving step at a
second timing; and

said storing step stores the first reception results.

8. The method according to claim 7, wherein said com-
paring step compares the second reception results with the
first reception results, and said eliminating step eliminates,
from the second reception result, the signal of the frequency
obtained from the comparison results in said comparing
step.

9. The method according to claim 6, wherein said detect-
Ing step comprises a step of performing Fourier transform on
the reception results; and

sald comparing step compares results from the Fourier
Transform with the reference data.

10. The method according to claim 6, wherein said
climinating step comprises a step of selecting at least one of
a plurality of serial-connected filters 1n accordance with the
comparison results in said comparing step.
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